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Latest Syllabus (Issued by CBSE) T (vi) 


Competency Based Questions (CBQs) 


Chapter 1 Solid State C-1 
Chapter 2 Solutions C-8 
Chapter 7  p-Block Elements aS C-14 
Chapter 10 Haloalkanes and Haloarenes mas C-19 
Chapter 11 Alcohols, Phenols and Ethers a C-26 
Chapter 14 Biomolecules C-32 
Chapterwise CBSE Examination Questions 
Chapter 1 Solid State 1 
Chapter 2 Solutions 17 
Chapter 7 —p-Block Elements Pe 38 
Chapter 10 Haloalkanes and Haloarenes $ 73 
Chapter 11 Alcohols, Phenols and Ethers ok, 95 
Chapter 14 Biomolecules 120 
OMR Based Sample Question Paper p OMR-1 
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ry CBSE BOARD EXAM 2021-22 f ) 


N 


NEW PATTERN 
(CBSE Circular no. Acad-51/2021) dated 5* July, 2021 


TERM-1 
50% Syllabus for Nov-Dec. 2021 
Questions Types (90 Minutes) 





CASE BASED MULTIPLE CHOICE ASSERTION-REASON 
MCQs QUESTIONS IVPEMCOS 
ve CBSE to send Question Papers with marking scheme. 
ve Exams will be conducted in the school. 
ir OMR sheet to be used for Evaluation. 
ve Term-1 marks will add to the final result. 
Internal Assessment 
ve 3 Periodic Tests 
ve Student Enrichment 
v« Portfolio 
ve Practical 
ve Speaking listening activities 
ve Projects 








Latest Syllabus tssued by CBSE) (24" Juv 2020 


CHEMISTRY (2021-22) 
COURSE STRUCTURE-—CLASS XII 








Term-I 
Time: 90 Minutes Max. Marks: 35 
S.No. Unit No. of Periods Marks 
1. Solid State 8 
10 
2. Solutions 8 
3. p-Block Elements 7 10 
4. Haloalkanes and Haloarenes 9 
5. Alcohols, Phenols and Ethers 9 15 
6. Biomolecules 8 
Total 49 35 











Solid State: Classification of solids based on different binding forces: molecular, ionic, covalent and metallic 
solids, amorphous and crystalline solids (elementary idea). Unit cell in two dimensional and three dimensional 
lattices, calculation of density of unit cell, packing in solids, packing efficiency, voids, number of atoms per unit 
cell in a cubic unit cell, point defects. 


Solutions: Types of solutions, expression of concentration of solutions of solids in liquids, solubility of gases in 
liquids, solid solutions, Raoult’s law, colligative properties—relative lowering of vapour pressure, elevation of 
boiling point, depression of freezing point, osmotic pressure, determination of molecular masses using colligative 
properties. 


p-Block Elements: Group-15 Elements: General introduction, electronic configuration, occurrence, oxidation 
states, trends in physical and chemical properties; Nitrogen preparation properties and uses; compounds of 
Nitrogen: preparation and properties of Ammonia and Nitric Acid. 


Group 16 Elements: General introduction, electronic configuration, oxidation states, occurrence, trends in 
physical and chemical properties, dioxygen: preparation, properties and uses, classification of Oxides, Ozone, 
Sulphur —allotropic forms; compounds of Sulphur: preparation properties and uses of Sulphur-dioxide, Sulphuric 
Acid: properties and uses; Oxoacids of Sulphur (Structures only). 


Group 17 Elements: General introduction, electronic configuration, oxidation states, occurrence, trends in physical 
and chemical properties; compounds of halogens, Preparation, properties and uses of Chlorine and Hydrochloric 
acid, interhalogen compounds, Oxoacids of halogens (structures only). 


Group 18 Elements: General introduction, electronic configuration, occurrence, trends in physical and chemical 
properties, uses. 


Haloalkanes and Haloarenes: Haloalkanes: Nomenclature, nature of C-X bond, physical and chemical properties, 
optical rotation mechanism of substitution reactions. 


Haloarenes: Nature of C-X bond, substitution reactions (Directive influence of halogen in mono-substituted 
compounds only). 


(vi) 





Alcohols, Phenols and Ethers: Alcohols: Nomenclature, methods of preparation, physical and chemical properties 
(of primary alcohols only), identification of primary, secondary and tertiary alcohols, mechanism of dehydration. 


Phenols: Nomenclature, methods of preparation, physical and chemical properties, acidic nature of phenol, 
electrophillic substitution reactions, uses of phenols. 


Ethers: Nomenclature, methods of preparation, physical and chemical properties, uses. 


Biomolecules: Carbohydrates: Classification (aldoses and ketoses), monosaccahrides (glucose and fructose), D-L 
configuration. Proteins— Elementary idea of—amino acids, peptide bond, polypeptides, proteins, structure of 
proteins — primary, secondary, tertiary structure and quaternary structures (qualitative idea only), denaturation 
of proteins. 


Nucleic Acids: DNA and RNA 
x e o o o x 


(vii) 








Practicals 


Term-I 


A 15-mark Practical would be conducted under the supervision of subject teacher/internal examiner. 
This would contribute to the overall practical marks for the subject. 

Or 
In case the situation of lockdown continues until Nov-Dec 2021, a Practical Based Assessment (pen- 
paper) of 15 marks would be conducted at the end of Term I at the school level and marks would be 
submitted by the schools to the Board. This would contribute to the overall practical marks for the 
subject. 


Term-I Evaluation Scheme 














S.No. Practical Marks 
a Volumetric Analysis 4 
2; Salt Analysis 4 
3 Content Based Experiment 2 





Total 15 





(1) Volumetric analysis (4 marks) 


Determination of concentration/ molarity of KMnO, solution by titrating it against a standard 
solution of: 
(i) Oxalic acid, 
(ii) Ferrous Ammonium Sulphate 
(Students will be required to prepare standard solutions by weighing themselves). 


(2) Salt analysis (Qualitative analysis) (4 marks) 
Determination of one cation and one anion in a given salt. 
Cations - Pb", Cu™, As*, Al, Fe™, Mn”, Ni™, Zn™, Com, Ca™, Sr", Bar; Me" NH $. 
Anions - (CQ); S> , NO; , SO , SO# , NO; CI , Br, T, FO CO ,CH,COO:- 
(Note: Insoluble salts excluded) 


(3) Content Based Experiments (2 marks) 
A. Chromatography 
(i) Separation of pigments from extracts of leaves and flowers by paper chromatography and 
determination of Rf values. 
(ii) Separation of constituents present in an inorganic mixture containing two cations only 
(constituents having large difference in Rf values to be provided). 


B. Characteristic tests of carbohydrates, fats and proteins in pure samples and their detection in 
given foodstuffs. 
keeee & 


(viii) 


CHEMISTRY 





Multiple Choice Questions (MCQs) 


1. 


Which of the following conditions favours the 
existence of a substance in the solid state? 

(a) High temperature 

(b) Low temperature 

(c) High thermal energy 


(d) Weak cohesive forces [Ans. (b) 


. Which of the following is not a characteristic of 


a crystalline solid? 

(a) Definite and characteristic heat of fusion. 

(b) Isotropic nature. 

(c) A regular periodically repeated pattern of 
arrangement of constituent particles in the 
entire crystal. 


(d) A true solid [Ans. (b) 


. Which of the following is an amorphous solid? 


(a) Graphite (C) 
(c) Chrome alum 


(b) Quartz glass (SiO) 
(d) Silicon carbide (SiC) 
[Ans. (b) 


. Which of the following is true about the value 


of refractive index of quartz glass? 
(a) Same in all directions 

(b) Different in different directions 
(c) Cannot be measured 


(d) Always zero [Ans. (a) 


. Which of the following statement is not true 


about amorphous solids? 
(a) On heating they may become crystalline at 
certain temperature. 


c-1 


d Questions 





Chapter: Ove 


Solid State 





(b) They may become crystalline on keeping for 
long time. 

(c) Amorphous solids can be moulded by heating. 

(d) They are anisotropic in nature. [Ans. (d) 


. The sharp melting point of crystalline solids is 


due tO sssri ‘ 

(a) a regular arrangement of constituent particles 
observed over a short distance in the crystal 
lattice: 

(b) a regular arrangement of constituent particles 
observed over a long distance in the crystal 
lattice. 

(c) same arrangement of constituent particles in 
different directions. 

(d) different arrangement of constituent particles 
in different directions. [Ans. (b) 


. Iodine molecules are held in the crystals lattice 


Dynamon : 

(a) london forces 

(b) dipole-dipole interactions 
(c) covalent bonds 


(d) coulombic forces [Ans. (a) 


8. Which of the following is a network solid? 


(a) SO, (Solid) 
(c) Diamond 


(b) I, 


(d) H,O (Ice) [Ans. (c) 


9. Which of the following solids is not an electrical 


conductor? 

I. Mg (s) II. TiO (s) 
TI. I, (s) IV. H,O (s) 
(a) (A) only (b) (B) Only 
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10. 


(c) (C) and (D) (d) (B), (C) and (D) 


[Ans. (c) 
Which of the following is not the characteristic 
of ionic solids? 
(a) Very low value of electrical conductivity in 
the molten state. 
(b) Brittle nature. 
(c) Very strong forces of interactions. 


(d) Anisotropic nature. [Ans. (a) 


Assertion-Reason Questions 
DIRECTION: Mark the option which is most suitable: 
(a) Assertion and Reason both are correct statements 


and Reason is correct explanation for Assertion. 


(b) Assertion and Reason both are correct statements 


but Reason is not correct explanation for Assertion. 


(c) Assertion is correct statement but Reason is 


wrong statement. 


(d) Assertion is wrong statement but Reason is 


1. 


Ans 


Ans. 


Ans. 


. Assertion: Semiconductors 


correct statement. 

Assertion: The total number of atoms present in 
a simple cubic unit cell is one. 

Reason: Simple cubic unit cell has atoms at its 
corners, each of which is shared between eight 
adjacent unit cells. 


. (a) Assertion and reason both are correct state- 


ments and reason is correct explanation for 
assertion. 

In simple cubic unit cell, only corners are occupied 
by atoms. Thus, total number of atoms present in the 
unit cell will be one. 


. Assertion: The number of NaCl units per unit 


cell is 2. 

Reason: There are four chloride ions per unit 
Cell of NaCl. 

(d) Assertion is wrong statement but reason is 
correct statement. 

As NaCl crystallizes in fcc structure, it contains 4 
units in per unit cell. 


are solids with 
conductivities in the intermediate range from 
10-6 - 104 ohm7!m7!. 

Reason: Intermediate conductivity in semicon- 
ductor is due to partially filled valence band. 

(c) Assertion is correct statement but Reason is 
wrong statement. 

Semiconductors lie between conductors and insulators 
due to a presence of valence bond electrons. The 
intermediate conductivity of a semiconductor is due 
to the small energy gap between filled valence band 
and the empty conduction band. 


. Assertion: Diamond and graphite do not have 


the same crystal structure. 


Join 
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Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


Reason: Diamond is crystalline while graphite is 
amorphous. 

(c) Assertion is correct statement but reason is 
wrong statement. 

In diamond, the Sp?-hybridized carbon is tetrahedrally 
bonded while in graphite the carbon is Sp” hybridized 
form layered structure. 


. Assertion: Na* and Als* are isoelectronic but the 


magnitude of ionic radius of Al>* is less than that 
of Nat. 

Reason: The magnitude of an effective nuclear 
charge on the outer shell electrons in AlS* is 
greater than that of Na*. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

In isoelectronic species, effective nuclear charge 
increases with increase in atomic number results in 
decrease in size and therefore ionic radius will be AP* 
< Nat‘. 


. Assertion: In caesium chloride crystal, Cs* ion is 


present on the centre of cube of the unit cell. 
Reason: For N-atoms adopting fcc arrangement, 
there are 2N tetrahedral voids. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

The crystal structure of CsCl is body centered in 
which centrally located Cs is surrounded by 8 CI- ions 
at the corners of a cube. 


. Assertion: The packing efficiency is maximum 


for the fcc structure. 

Reason: The coordination number is 12 in fcc 
structures. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

In fcc unit cell, there is ccp arrangement with packing 
efficiency of 74% which is maximum with coordination 
number 12. 


. Assertion: White ZnO becomes yellow upon 


heating. 

Reason: On heating ZnO loses oxygen and free 
electrons go into exited stated and upon returning 
imparts yellow radiation. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: In p-type semiconductor holes will 


appear to be moving towards the negatively 
charged plate. 

Reason: Delocalised electrons 
conductivity of doped silicon. 
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increase the 


Ans. (b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

The conductivity in p-type semiconductor is due to 
movement of holes under the applied electric field. 


10. Assertion: Valence band may remain partially filled. 
Reason: The gap between valence band and 
conduction band cannot be determined. 

(c) Assertion is correct statement but reason is 
wrong statement. 

In metals, valence band overlaps with conduction 
band as the gap between them is negligible. 


Ans. 


Case Based Questions 


1. The adjective, ‘crystalline’ when applied to 
solids, implies an ideal crystal in which the 
structural units, termed as unit cells, are repeated 
regularly and indefinitely in three dimensions 
in space. The unit cell, containing at least one 
molecule has definite orientation and shape 
defined by the translational vectors, a, b and c. 
The unit cell therefore has a definite volume, V 
that contains the atoms and molecules necessary 
for generating the crystal. Every crystal can 
be classified as a member of one of the seven 
possible crystal systems or crystal classes that 
are defined by the relationships between the 
individual dimensions, a, b and c of the unit cell 
and between the individual angles, a, 6, and y 
of the unit cell. The structure of the given crystal 
may be assigned to one of the 7 crystal systems, 
to one of the 14 Brevais lattices, and to one of 
the 230 space groups. These uniquely define the 
possible ways of rearranging atoms in a three- 
dimensional solid. Based on these observations, 
seven crystal systems were identified: triclinic, 
monoclinic, trigonal or rhombohedral, tetragonal, 
hexagonal, rhombic or orthorhombic and cubic. 
Answer the following MCQs by choosing the 
most appropriate options: 

(i) The unit cell with the structure given below 
represents ............ crystal system. 





(a) cubic 

(c) tetragonal 
Ans. (a) cubic 

Here, a = b = c; a = B = y = 90° 

It belongs to cubic system. 


Q 


(b) orthorhombic 
(d) trigonal 
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Competency Based Questions (CBQs) = C-3 


(ii) The crystal system of a compound with unit 

cell dimensions, a = 0.387 nm, b = 0.387 nm and 
c = 0.504 nm and a = f = 90° and y = 120° is. 
(a) cubic (b) hexagonal 
(c) orthorhombic (d) rhombohedral 

Ans. (b) hexagonal 
For hexogonal crystal system , a = b + c and 
a = B = 90°, y = 120° 

(iii) In a triclinic crystal 
(a) a=b=c,a=fh=y#90° 
(b) a+b =c, a = f = y = 90° 
(c)a+b#+c, a+b +y =z 90° 
(d) a+b +c, a = y = 90°, B + 90° 

Ans. (c) a+b +c, a #pß +y # 90° 

(iv) The unit cell with dimensions a = B = y = 90°, 

a=b+¥cis 
(a) cubic 
(c) hexagonal 

Ans. (d) tetragonal 
For tetragonal crystal system, a = b + c and 


(b) triclinic 
(d) tetragonal 


a=ß= y= 90° 
(v) An example of orthorhombic crystal system is 
(a) SnO, (b) KNO, 
(c) ZnO (d) K,Cr,O7 
Ans. (b) KNO; 


KNO, has orthorhombic crystal structure. 


2. In contrast to the disorders of gases and liquids, 
there is translational order in crystals. However, 
disordered or amorphous solids also exist which 
lack such order, they are really highly viscous 
liquids. In translational order entire structure or 
lattice, can be generated by repeated replication 
of a small regular figure, termed as unit cell. 
The planes of any crystalline structure can be 
specified using Miller Indices, which is also serve 
to identify single crystal faces. 

The ordered structure or lattice, of a solid can 
be determined by X-ray or neutron diffraction 
studies, in which a beam of X-rays of neutrons is 
scattered from the sample to produce a diffraction 
pattern which can be analyzed to reveal the 
crystal structure of the sample. All crystal lattices 
can be classified into 14 Bravais lattices belonging 
to 7 systems. For example, the simple cubic, face- 
centred cubic and body-centred cubic lattices 
are the 3 lattices of the cubic system. Cubic 
and hexagonal close-packed structures have the 
structure of tightly packed spheres where each 
sphere touches 12 neighbours, 6 in the same plane 
and 3 above and 3 below. These two close-packed 
structures differ in the placement of successive 
planes or layers. For the hexagonal close packing, 
a third layer is laid down to reproduce the first 
layer, so the structure could be represented by 
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ABABAB..... . For cubic close packing, third layer 
is again displaced, corresponding to ABCABC ... . 
Answer the following MCQs by choosing the 
most appropriate options: 


(i) In hexagonal close packing, a sphere has coor- 


Ans. 


dination number of 


(a) 4 (b) 6 
(c) 8 (d) 12 
(d) 12 


For hcp packing, the coordination number of each 
sphere is 12 (6 in its own layer, 3 in the upper layer 
and 3 in the lower layer.) 


(ii) Which of the following arrangements correctly 


Ans. 


represents hexagonal and cubic close packed 
structure? 

(a) ABCABC... and ABAB... 

(b) ABAB... and ABCABC... 

(c) Both have ABAB... arrangement. 

(d) Both have ABCABC... arrangement. 

(b) ABAB... and ABCABC... 

In hexagonal close packing, each sphere of third layer 
lies exactly above the sphere of first layer. 

Thus, hcp is abbreviated as ABAB... . 

In cubic close packing, the spheres of third layer do 
not come over those of first layer and spheres of fourth 
layer correspond with those in first layer. Thus, it is 
represented as ABCABC... 


(iii) The arrangement of the first two layers, one 


Ans. 


above the other in hcp and ccp arrangements is 
(a) exactly same in both cases. 

(b) partly same and partly different. 

(c) different from each other. 

(d) nothing definite. 

(a) exactly same in both cases. 


(iv) Which of the following statements is not 


Ans. 


correct? 

(a) The amorphous solids have a random, dis- 
ordered arrangement of constituents. 

(b) The sime cubic, face-centred and body- 
centred are the three lattices of the cubic 
system. 

(c) The number of Bravais lattice in which a 
crystal can be categorized is 7. 

(d) A metal that crystallizes in hcp structure has 
coordination number 12. 

(c) The number of Bravais lattice in which a 
crystal can be categorized is 7. 


(v) Which of the following statements about amor- 


Ans. 


Q 


phous solids is incorrect? 

(a) They melt over a range of temperature. 

(b) There is no orderly arrangement of particles. 
(c) They are anisotropic. 

(d) They are rigid and incompressible. 

(c) They are anisotropic. 
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They are isotropic as they show same properties in all 
direction. 


. In an ideal crystal, there must be regular repeating 


arrangement of the constituting particles and 
its entropy must be zero at absolute zero 
temperature. However, it is impossible to obtain 
an ideal crystal and it suffers from certain defects 
called imperfections. In pure crystal, these defects 
arises either due to disorder or dislocation of the 
constituting particles from the normal positions 
or due to the movement of the particles even at 
absolute zero temperature. Such defects increase 
with rise in temperature. In addition to this 
certain defects arise due to the presence of some 
impurities. Such defects not only modify the 
existing properties of the crystalline solids but 
also impart certain new characteristics to them. 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) AgCI is crystallized from molten AgCl contain- 


Ans. 


ing a little CdCl,. The solid obtained will have 

(a) cationic vacancies equal to number of Cd?2* 
ions incorporated. 

(b) cationic vacancies equal to double the number 
of Cd% ions. 

(c) anionic vacancies. 

(d) neither cationic nor anionic vacancies. 

(a) cationic vacancies equal to number of Cd?* 
ions incorporated. 

In the crystallisation, some Ag* ions will get replaced 

by Cd?* ions and each Cd?* ion replaces two Ag* 

ions so as to maintain electrical neutrality. Thus, the 

cation vacancies will be the same as the number of 

Cd?* ions incorporated. 


(ii) Lattice defect per 1015 NaCl is 1. What is the 


Ans. 


number of lattice defects in a mole of NaCl? 
(a) 6.02 x 103 (b) 6.02 x 108 
(c) 1014 (d) None of these 


(b) 6.02 x 108 A 
Number of defects per mole of NaCl = Loe 
= 6.02 x 108 


(iii) The ionic substances in which the cation and 


Ans. 


anion are of almost similar size shows 

(a) non-stoichiometric defect 

(b) Schottky defect 

(c) Frenkel defect 

(d) all of these 

(b) Schottky defect 

Schottky defect is shown by highly ionic compounds, 
for example, NaCl, KCI, KBr, AgBr, CsCl, etc. 


(iv) If Al5* ions replace Na* ions at the edge centres 


of NaCl lattice, then the number of vacancies in 
1 mole of NaCl will be 
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Ans. 


(a) 3.01 x 10 
(c) 9.03 x 10” 
(a) 3.01 x 10 
There are 12 edge centres. 
Contribution of Na* ions at edge centres = 12x 1 =3 


(b) 6.02 x 1023 
(d) 12.04 x 1023 


Besides, there is one Na* ions at body centre. 
Thus, there are four Na* ions per unit cell. 


ż are replaced by Al?* ions. 


Total Nat ions in 1 mole of NaCl = 6.023 x 1078 
Na+ ion replaced by AB* = Ê x 6,023 x 10% 


1 Al** replaces 3 Nat ions thereby creating 2 vacancies. 


2 (3 
~. No. of vacancies created = 3 * (3 x 6.023 x 10° 


= 3.01 x 1073 


(v) Which of the following gives both Frenkel and 


Ans. 


Schottky defect? 


(a) AgCl (b) CsCl 
(c) KCl (d) AgBr 
(d) AgBr 


In AgBr, Ag+ ions are small in size and when removed 
from lattice point they can occupy interstitial site and 
therefore show both Frenkel and Schottky defects. 


In hexagonal system of crystals, a frequency 
encountered arrangement of atoms is described 
as a hexagonal prism. Here, the top and bottom 
of the cell are regular hexagons and three atoms 
are sandwiched in between them. A space-filling 
model of this structure, called hexagonal close 
packed (hcp), is constituted of a spheres on a 
flat surface surrounded in the same plane by six 
identical spheres as closely as possible. Three 
spheres are then placed over the first layer so that 
they touch each other and represent the second 
layer. Each one of these three sphere touches 
three spheres of the bottom layer. Finally, the 
second layer is covered with a third layer that is 
identical to the bottom layer in relative position. 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) The volume of this hcp unit cell is 


Ans. 


Q 


(a) 24J2r3 (b) 16V2r3 
(9) 12V2r3 3a" 
(a) 24/2r3 


Height of unit cell = 4r T 


Volume of unit cell = Height x Base area 


= ar 2 x 6x38 x 4r2 


= 24,/2r3 
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Competency Based Questions (CBQs) = C-5 


(ii) The number of atoms in this hcp unit cell is 








(a) 4 (b) 6 
(c) 12 (d) 17 
Ans. (b) 6 
(iii) The empty space in this hcp unit cell is 
(a) 74% (b) 47.6% 
(c) 32% (d) 26% 
Ans. (d) 26% 
, . Volume of the atoms in one unit cell 
Packing fraction = Volume of one unit cell 
6x tn 
ee a = 740 
AJ 3/2 = 0.74 = 74% 


“. Empty space = 26% 


(iv) Which of the following statements is correct 


Ans. 


about hexagonal close packing? 

(a) In this arrangement, third layer is identical to 
the first layer. 

(b) The coordination number in this arrangement 
is 6. 

(c) It is as closely packed as body centered cubic 
packing 

(d) It has 32% empty space. 

(a) In this arrangement, third layer is identical to 
the first layer. 


(v) In hexagonal close packing of spheres in three- 


Ans. 


dimensions. 

(a) In one unit cell there are 12 octahedral voids 
and all are completely inside the unit cell. 

(b) In one unit cell there are six octahedral voids 
and all are completely inside the unit cell. 

(c) In one unit cell there are six octahedral 
voids out of which three are completely 
inside the unit cell and other three are from 
contributions of octahedral voids which are 
partially inside the unit cell. 

(d) In one cell unit there are 12 tetrahedral voids, 
all are completely inside the unit cell. 

(b) In one unit cell there are six octahedral voids 
and all are completely inside the unit cell. 


. In ideally ionic structures, the coordination 


numbers of the ions are determined by 
electrostatic considerations. Cations surround 
themselves with as many anions as possible and 
vice versa. This maximizes the attractions between 
neighbouring ions of opposite charge and hence 
maximizes the lattice energy of the crystal. This 
requirement led to the formulation of the radius 
ratio rule for ionic structures in which the ions and 
the structure adopted for a particular compound 
depend on the relative sizes of the ions. Thus, 
for the stable ionic crystalline structures, there 
is definite radius ratio limit for a cation to fit 
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perfectly in the lattice of anions called radius 
ratio rule. This depends upon the ratio of radii of 
two types of ions, r4/r_. 

This ratio for coordination numbers 3, 4, 6 and 
8 respectively 0.155-0.225, 0.225-0.414, 0.414- 
0.732 and 0.732-1.000. The coordination number 
of ionic solids also depends upon temperature 
and pressure. On applying high pressure, 
coordination number increases. On the other 
hand, on applying high temperature, it decreases. 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) The ionic radii K*, Rb* and Br“ are 137, 148 and 


Ans. 


195 pm. The coordination number of cation in 
RbBr and KBr structures are respectively. 








(a) 8,6 (b) 6, 4 

(c) 6,8 (d) 4, 6 

(a) 8,6 

r(Rb*) _ 148 

(Br) 195 ~ 0.76 (C.N. 8 above 0.732) 

MEY) O a (CN. 6b 414-0.732 
Br) 195 = 9 (C.N. 6 between 0.414-0.732) 


(ii) For a coordination number 4, the maximum 


Ans. 


limiting radius ratio is 


(a) 0.414 (b) 0.732 
(c) 0.225 (d) 0.155 
(a) 0.414 


(iii) If the radius of Na* ion is 95 pm and that 


Ans. 


of Cl- ion is 181 pm, the coordination number 
of Na* ion is 





(a) 6 (b) 4 
(c) 8 (d) 12 
(a) 6 

fi r(Nat) _ 95 

r = WCA) 181 = 9.524 


The radius ratio lies between 0.414-0.732. 
Hence, Na* ions prefer to occupy octahedral holes 
having coordination number 6. 


(iv) Which is not the correct statement for ionic 


Ans. 


Q 


solids in which positive and negative ions are 

held by strong electrostatic attractive forces? 

(a) The radius ratio r,/r_increases as coordination 
number increases. 

(b) As the difference in size of ions increases, 
coordination number increases. 

(c) When coordination number is eight, r,/r_ 
ratio lies between 0.225 to 0.414. 

(d) In ionic solid of the type AX(ZnS, wurtzite), 
the coordination number of Zn2* and S% 
respectively are 4 and 4. 

(c) When coordination number is eight, r,/r_ 
ratio lies between 0.225 to 0.414. 
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When coordination number is 8, r,/r_ ratio lies 
between 0.732 - 1. 


(v) If the pressure of CsCl is increased, then its 


Ans. 


coordination number will 

(a) increase (b) remain the same 

(c) decrease (d) none of these 

(a) increase 

If the pressure of CsCl is increased, then its 
coordination number will increase. 


. The transition metals when exposed to oxygen 


at low and intermediate temperatures form thin, 
protective oxide films of up to some thousands of 
Angstroms in thickness. Transition metal oxides 
lie between the extremes of ionic and covalent 
binary compounds formed by elements from the 
left or right side of the periodic table. They range 
from metallic to semiconducting and deviate by 
both large and small degrees from stoichiometry. 
Since d-electron bonding levels are involved, the 
cations exist in various valence states and hence 
give rise to a large number of oxides. The crystal 
structures are often classified by considering a 
cubic or hexagonal close-packed lattice of one 
set of ions with the other set of ions filling the 
octahedral or tetrahedral interstices. The actual 
oxide structures, however, generally show 
departures from such regular arrays due in part to 
distortions caused by packing of ions of different 
size and to ligand field effects. These distortions 
depend not only on the number of d-electrons 
but also on the valence and the position of the 
transition metal in a period or group. 

(Source: Smeltzer, W. W., & Young, D. J. (1975). 
Oxidation properties of transition metals. Progress in 
Solid State Chemistry, 10, 17-54.) 


In the following questions, a statement of 
assertion followed by a statement of reason 
is given.Choose the correct answer out of the 
following choices on the basis of the above 
passage. 


(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is 


wrong statement. 


(d) Assertion is wrong statement but reason is 


correct statement. 


(i) Assertion: Cations of transition elements occur 


in various valence states. 
Reason: Large number of oxides of transition 
elements are possible. 
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Ans. 


(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 


(ii) Assertion: Crystal structure of oxides of transition 


Ans. 


metals often show defects. 

Reason: Ligand field effect cause distortions in 
crystal structures. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


(iii) Assertion: Transition metals form protective oxide 


films. 
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Competency Based Questions (CBQs) = C-7 


Reason: Oxides of transition metals are always 
stoichiometric. 

(c) Assertion is correct statement but reason is 
wrong statement. 


(iv) Assertion: CrO crystallises in a hexagonal close- 


packed array of oxide ions with two out of every 
three octahedral holes occupied by chromium 
ions. 

Reason: Transition metal oxide may be hexago- 
nal close-packed lattice of oxide ions with metal 
ions filling the octahedral voids. 


. (d) Assertion is wrong statement but reason is 


correct statement. 
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Multiple Choice Questions (MCQs) 


1. 


Mole fraction of glycerine C3H;(OH)3 in 
solution containing 36 g of water and 46 g of 
glycerine is 
(a) 0.46 
(c) 0.20 


(b) 0.40 


(d) 0.36 [Ans. (c) 


. Out of molality (m), molarity (M), formality (F) 


and mole fraction (x), those which are indepen- 
dent of temperature are 
(a) M, m (b) F, x 


(c) m, x (d) M, x [Ans. (c) 


. Which of the following condition is not satis- 


fied by an ideal solution? 

(a) AH mixing = 0 (b) AV mixing =O 

(c) Raoult’s Law is obeyed 

(d) Formation of an azeotropic mixture [Ans. (d) 


. The boiling point of an azeotropic mixture of 


water and ethanol is less than that of water and 
ethanol. The mixture shows 

(a) no deviation from Raoult’s Law. 

(b) positive deviation from Raoult’s Law. 

(c) negative deviation from Raoult’s Law. 

(d) that the solution is unsaturated. [Ans. (b) 


. Which has the lowest boiling point at 1 atm 


pressure? 
(a) 0.1 M KCl 
(c) 0.1 M CaCl, 


(b) 0.1 M Urea 


(d) 0.1 M AlCl, [Ans. (b) 


. Osmotic pressure of a solution is 0.0821 atm at 


a temperature of 300 K. The concentration in 
moles/litre will be 


(a) 0.33 (b) 0.666 
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10. 


Chapter: (oe 
Solutions 





Questions 


(c) 0.3x10-2 (d) 3 


[Ans. (c) 


. People add sodium chloride to water while 


boiling eggs. This is to 

(a) decrease the boiling point. 
(b) increase the boiling point. 

(c) prevent the breaking of eggs. 


(d) make eggs tasty. [Ans. (b) 


. The van’t Hoff factor (i) accounts for 


(a) degree of solubilisation of solute. 

(b) the extent of dissociation of solute. 

(c) the extent of dissolution of solute. 

(d) the degree of decomposition of solution. 


[Ans. (b) 
. Which relationship is not correct? 
_ K,.1000.W, _ K,.1000.W, 
(2) AT,= “Few O) Ma Sar 


p-p: _ Wo Mı 

@ p M, Ww 
[Ans. (b) 

The molal elevation constant depends upon 
(a) nature of solute. 
(b) nature of the solvent. 
(c) vapour pressure of the solution. 
(d) enthalpy change. 





() x= (%2)Rr 


[Ans. (b) 


Assertion-Reason Type Questions 
DIRECTION: Mark the option which is most suitable: 


(a) Assertion and Reason both are correct statements 


and Reason is correct explanation for Assertion. 
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(b) Assertion and Reason both are correct statements 


but Reason is not correct explanation for 


Assertion. 


(c) Assertion is correct statement but Reason is 


wrong statement. 


(d) Assertion is wrong statement but reason is 


1. 


Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


correct statement. 


Assertion: The boiling point of an azeotropic 
mixture of water and ethanol is less than that of 
water and ethanol. 

Reason: Azeotropic mixture of water and ethanol 
show positive deviation from Raoult’s law. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: On adding a non-volatile solute to a 


solvent, the vapour pressure of the solution get 
lowered. 

Reason: A solution is said to be ideal if it strictly 
obeys Raoult’s law at all concentrations and tem- 
peratures. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Due to increase in molecular attractions of non- 
volatile solute with the solvent and thus elevation in 
boiling point takes place. 


. Assertion: An isotonic solution exerts same 


osmotic pressure under similar conditions. 
Reason: Solute-solvent dipolar interactions exist 
in the pair of isotonic solution. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Because isotonic solution has the same concentration 
on both sides of semipermeable membrane. 


. Assertion: Barium Chloride is more effective in 


causing coagulation than Potassium Chloride. 
Reason: Ba** has greater valency of 2 than one 
valency of K*. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: Molality is independent of temperature 


whereas molarity in a function of temperature. 
Reason: Volume depends on temperature and 
mass does not depend on temperature. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: The aquatic species feel more comfort- 


able in winter due to single space low tempera- 
ture. 
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Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


Competency Based Questions (CBQs) = C-9 


Reason: Solubility of gases increases with increase 
of temperature. 

(c) Assertion is correct statement but reason is 
wrong statement. 

Aquatic species need oxygen for breathing and as the 
solubility of gases decreases with increase of tempera- 
ture, less oxygen is available in summer in the takes. 


. Assertion: Soft drink and soda water bottles are 


sealed under high pressure. 

Reason: The dissolution of gas in liquid is an 
endothermic process. 

(c) Assertion is correct statement but reason is 
wrong statement. 

The CO, gas is filled in the Soda water at very high 
pressure and sealed as the solubility of the gases in 
liquid increases with the high pressure. 


. Assertion: An aqueous solution of NaCl freezes 


below 273 K. 

Reason: Vapour pressure of the solution is less 
than that of the pure solvent. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: 1 M glucose will have a higher boiling 


point than 2 M glucose. 

Reason: Elevation in boiling point is a colligative 
property which depends upon the number of 
particles of solute in the solution. 

(d) Assertion is wrong statement but reason is 
correct statement. 

2 M glucose has a higher boiling point than 1 M 
because on increasing no. of moles the molality also 
increases which is directly proportional to an elevation 
in boiling point. 

Assertion: The Semipermeable membrane made 
of copper (II) ferrocyanide Cu,[Fe(CN),] is not 
used for studying osmosis in a non-aqueous 
solution. 

Reason: Copper (II) ferrocyanide is soluble in 
non-aqueous medium and insoluble in water. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

Because cupric ferrocyanide is soluble in non-aqueous 
solvents. 


Case Based Questions 
1. 


Fuel cells: Fuel cells are galvanic cells in which the 
chemical energy of fuel is directly converted into 
electrical energy. A type of fuel cell is a hydrogen- 
oxygen fuel cell. It consists of two electrodes 
made up of two porous graphite impregnated 
with a catalyst (platinum, silver, or metal oxide). 
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(i) 


“i 
= Ans. 
(ii) 


pur 

= Ans. 
5 (iii) 
YA 


Ans. 
(iv) 


Ans. 
(v) 


The electrodes are placed in aqueous solution of 
NaOH. Oxygen and hydrogen are continuously 
fed into the cell. Hydrogen gets oxidized to H* 
which is neutralized by OH, i.e., anodic reaction. 
H, = 2H* + 2e- 

2H* + 20H- — 2H,O 

H, + 20H 2H,O + 2e- 

At cathode, O, gets reduced to OH 

i.e., O, + 2H,O + 4e-———_ 40H 


Hence, thenet reactionis 2H, + O, 


— 





2H,O 
The overall reaction has AH = -285.6 KJ mol 
and AG = -237.4 KJ mol-! at 25°C 

Answer the following MCQs by choosing the 
most appropriate option: 

If the cell voltage is 1.23 V for the H, — O, fuel 
cell and for the half cell: 


O; + 2H,O + 4e- 








40H has E- = 0.40V, 











then E- for 2H,O + 2e H, + 20H will 
be 

(a) 0.41V (b) 0.83V 

(c) -0.41V (d) -0.83V 


(d) -0.83V 
What is the value of AS- for the fuel cell at 25°C? 


(a) -1600 JK-! (b) -160 JK- 
(c) 160 JK- (d) 1600 JK- 
(b) -160 JK- 


Suppose the concentration of hydroxide ion is 

doubled, then the cell voltage will be 

(a) Reduced by half 

(b) Increased by a factor of 2 

(c) Increased by a factor of 4 

(d) Unchanged 

(d) Unchanged 

A fuel cell is 

I. A voltaic cell in which continuous supply of 

fuels are sent at anode to perform oxidation. 

II. A voltaic cell in which fuels such as — Ch; Hp, 
and CO are used up at anode. 

III. One which involves the reaction of H,—O, 
fuel cell such as: 
Anode: 2H, + 40H — 4H,O(I) + 4e- 
Cathode: O, + 2H,O(/) + 4e- — 40H 

IV. The efficiency of H) — O; fuel cell is 70%-75%. 

(a) 1, Ill (b) I, IIL, IV 

(c) L IL M, IV (d) L, IL M 

(c) L I, M, IV 

The reaction occurring at the cathode of hydro- 

gen-oxygen fuel cell is 

(a) 2H, + 40H — 4H,0 + 4e- 

(b) 2H, + O, > 2H,O()) 
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Ans. 
. The Properties of the solutions which depend 


N 


(c) Ht + OH- > H,O 
(d) O, + 2H,O + 4e- > 40H- 
(d) O, + 2H,O + 4e- > 40H- 


only on the number of solute Particles but not 
on the nature of the solute are called colligative 
properties. Relative lowering in vapour pressure 
is also an example of colligative properties. For 
an experiment, sugar solution is prepared for 
which lowering in vapour pressure was found to 
be 0.061 mm of Hg. (Vabour pressure of water at 
20°C is 17.5 mm of Hg). 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) Relative lowering of vapour pressure for the 


Ans. 


given solution is 


(a) 0.00348 (b) 0.061 
(c) 0.122 (d) 1.75 
(a) 0.00348 


Vapour pressure of water (p9) = 17.5 mm of Hg 
Lowering of vapour pressure p? - pa) = 0.061 


A-Pa _ 0.061 
Relative lowering of vapour pressure = Fa Pa. ere 
Pa 17.5 
= 0.00348 
(ii) The vapour pressure (mm of Hg) of Solution 
will be 
(a) 17.5 (b) 0.61 
(c) 17.439 (d) 0.00348 
(c) 17.439 


Ans. 


Vapour pressure of solvent - lowering in vapour pressure 
= 17.5 - 0.061 = 17.439 mm of Hg 


(iii) Mole fraction of sugar in the solution is 


Ans. 


(a) 0.00348 (b) 0.9965 
(c) 0.061 (d) 1.75 
(a) 0.00348 

0 — 
PaPa = y, = 0.00348 

Pa 


Hence, mole fraction of sugar = 0.00348 


(iv) If weight of sugar taken is 5 g in 108 g of water 


Ans. 


then molar mass of sugar will be 





(a) 358 (b) 120 
(c) 240 (d) 400 
(c) 240 
0 —= 
Mz = Pa -Pa 
Pa 
Mp = 5g, Ma = 188, w4 = 108g 
5 x 18 
“` Mg = 108 x 0.00348 — 240 


(v) The vapour pressure (mm of Hg) of water at 


293 K when 25 g of glucose is dissolved in 
450 g of water is 
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Ans. 








(a) 17.2 (b) 17.4 
(c) 17.120 (d) 17.02 
(b) 17.4 
Pa-Pa =x, wgx Ma 
Da MpXW, 
17.5-p, _ 25x18 _ i 
175 450x180 9° * 10 


17.5 - pa = 17.5 x 5.56 x 10-3 
17.5 - pa = 0.0973 


<. p = 17.40 mm Hg 


The concentration of a solute is very important in 
studying chemical reactions because it determines 
how often molecules collide in solution and thus 
indirectly determine the rate of reactions and the 
conditions at equilibrium. 

There are several ways to express the amount of 
solute present in a solution. The concentration 
of a solution is a measure of the amount of 
solute that has been dissolved in a given amount 
of solvent or solution. Concentration can be 
expressed in terms of molarity, molality, parts 
per million, mass percentage, volume percentage 
etc. 


Answer the following MCQs by choosing the 
most appropriate option: 


(i) A solution is prepared using aqueous KI which 


Ans. 


is turned out to be 20% w/w. Density of KI is 
1.202 g/mL. The molality of the given solution 
and mole fraction of solute are respectively. 

(a) 1.95 m, 0.120 (b) 1.5 m, 0.0263 

(c) 2.5 m, 0.0569 (d) 3.0 m, 0.0352 











(b) 1.5 m, 0.0263 
Molar mass of Kl = 166g/mol 

20 
Nk = 766 = 9-12 mol 

ity = $ x1000 = ®t x1000 = 
Molality Wao x ; D 1.5 m 
Ny = 0.12 and Niynter = a 4.44 

K 12 

o et = 0.0263 


ny + "H,O 0.12+4.44 


(ii) The molarity (in mol L-!) of the given solution 





will be 
(a) 1.56 (b) 1.89 
(c) 0.263 (d) 1.44 
Ans. (d) 1.44 
Density of solution = 1.202 g/mL 
i 100g 
Volume of solution = 1.2028 /mL ~” 83.2 mL 
. nki 0.120 mol 
a= Volume of solution in L = 0.0832L 
= 1.4423 mL- 


Q 
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(iii) Which of the following is correct relationship 


Ans. 


between mole fraction and molality? 











mM, mM, 
a) xX» = ———_ b) x» = ————_ 
(2) % 1+mM, a ae ae 
_ 1+mM, _ 1-mM, 
(= ay @ = a 
(a) 1.56 
n n xX n 
X2 = —2_ ; X1 = —. 22 72 
N,+N» ni tn? xX, m 
Xp _ mM, / Mz _™ _ Mı 
xy mı / Mı mı M, (i) 
Meise Ng __ My i 
olality = n D ... (ii) 


x 1 
From (i) and (ii), m = ae? x,=1- 4X) 
mM, 1 1 


Hence, x, = 1+mM, 


(iv) Which of the following is temperature dependent? 


Ans. 


(a) Molarity 

(c) Mole fraction 
(a) Molarity 
Mass does not depend on temperature while volume 
does. Hence, molarity depends on temperature. 


(b) Molality 
(d) Mass percentage 


(v) Which of the following is true for an aqueous 


Ans. 


solution of the solute in term of concentration? 


(a) 1M=1m (b)1M>1m 
(c) 1M<1m (d) Cannot be predicted 
(bl) 1M>1m 


1 M solution contains 1 mole of solute in less than 
1000 g of the solvent whereas 1 m solution has 1 mole 
of the solute in 1000 g of the solvent. 

At 298 K, the vapour pressure of pure benzene, 
C,H, is 0.256 bar and the vapour pressure of pure 
toluene C,HsCH3 is 0.0925 bar. Two mixtures 
were prepared as follows: 

(I) 7.8 g of CcHe + 9.2 g of toluene 

(II) 3.9 g of CoH + 13.8 g of toluene 


Answer the following MCQs by choosing the 
most appropriate option: 


(i) The total vapour pressure (bar) of Solution I is 


Ans. 


(a) 0.128 (b) 0.174 (c) 0.198 (d) 0.258 
(b) 0.174 78 
Moles of CH; = 5g = 01 
9.2 
Moles of CgHsCH3 = gy = 0.1 
0.1 
Moles fraction of C6H6 = 5749] = 9-5 


=> Mole fraction of C6H5CH; = 0.5 
Vapour pressure of toluene = Vapour pressure of pure 
toluene x mole fraction of toluene 

= 0.0925 x 0.5 = 0.04625 
Vapour pressure of benzene = 0.256 x 0.5 = 0.128 
. Total vapour pressure of solution = 0.17425 
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(ii) Which of the given solutions have higher 


Ans. 


= 
pr 
= 
= 
e 


Ans. 


Q 


Ans. 


vapour pressure? 

(a) I (b) Il 

(c) Both have equal vapour pressure 
(d) Cannot be predicted 

(a) I 


For solution I 


7.8 
Moles of benzene = Fe = 0.1 


9:2 
Moles of toluene = 95 = 0.1 


Vapour pressure of solution 

= 0.256 x 0.1 = 0.025 = 0.0925 x 0.1 = 0.00925 
= 0.025 + 0.00925 = 0.03485 

For solution II 


3.9 

Moles of benzene in solution-II = zg = 0.05 
13.8 

Moles of toluene in solution-II = ~~ = 0.15 


Vapour pressure of solution 

= 0.256 x 0.05 + 0.0925 x 0.15 

= 0.0128 + 0.013875 = 0.026675 

Therefore solution I has higher vapour pressure. 


(iii) Mole fraction of benzene in vapour phase in 


Solution I is 





(a) 0.128 (b) 0.174 

(c) 0.734 (d) 0.266 

(c) 0.734 

Mole fraction of benzene in vapour phase 
— Phenzene _ 0.128 _ 

Vheneone = Pag 0.17425 0.734 


(iv) Which of the following statements is/are correct? 


I. Mole fraction of toluene in vapour phase is 
more in solution I. 
II. Mole fraction of toluene in vapour phase is 
less in solution I. 
III. Mole fraction of benzene in vapour phase is 
less in Solution I. 


(a) Only II (b) Only I 
(c) I and HI (d) II and HI 
(a) Only II 


Mole fraction of toluene in vapour phase in Solution-I 
0.04625 

= Gi7ans ~ A004 

Mole fraction of toluene in vapour phase in Solution-II 
0.013875 

= 9.026675 = 9.520 

Mole fraction of toluene in vapour phase in solution-II 

is greater than in Solution-I. 

Hence, statement II is correct. 

Mole fraction of benzene in vapour phase in solution-I 

= 0.734 

Mole fraction of benzene in vapour phase in solution- 


ix 0.0128 pas 
~ 0.026675 — ~ 
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Thus, mole fraction of benzene in vapour phase in less 
in Solution-II. 


(v) Solution I is an example of a/an 


Ans. 


wn 


ol 


(a) ideal solution 

(b) non-ideal solution with positive deviation 
(c) non-ideal solution with negative deviation 
(d) cannot be predicted 

(a) ideal solution 

Benzene and toluene form an ideal solution. 


. The solubility of gases increases with increase 


of pressure. William Henry made a systematic 
investigation of the solubility of a gas in a 
liquid. According to Henry’s law “the mass of a 
gas dissolved per unit volume of the solvent at 
constant temperature is directly proportional to 
the pressure of the gas in equilibrium with the 
solution”. 

Dalton during the same period also concluded 
independently that the solubility of a gas in 
a liquid solution depends upon the partial 
pressure of the gas. If we use the mole fraction of 
gas in the solution as a measure of its solubility, 
then Henry’s law can be modified as “the partial 
pressure of the gas in the vapour phase is directly 
proportional to the mole fraction of the gas in the 
solution”. 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) Henry’s law constant for the solubility of 


Ans. 


» “CHa Ky 427x10? 


methane in benzene at 298 K is 4.27 x 10° mm 
Hg. The solubility of methane in benzene at 
298 K under 760 mm Hg is 

(a) 4.27 x 105 (b) 1.78 x 10- 

(c) 4.27 x 10°3 (d) 1.78 x 10-5 

(b) 1.78 x 10-3 

Ky = 4.27 x 10° mm Hg, p = 760 mm Hg 
According to Henry's law, p = Ky X Xcy, 


760 
p = 1.78 x 10-3 


(ii) The partial pressure of ethane over a saturated 


Ans. 


solution containing 6.56 x 10-2? g of ethane is 
1 bar. If the solution contains 5.00 x 10-2 g of 
ethane then what will be the partial pressure 
(in bar) of the gas? 


(a) 0.762 (b) 1.312 
(c) 3.81 (d) 5.0 
(a) 0.762 


According to Henry’s law, m = Ky x p 
6.56 x 10? = Ky x 1 


Ky = 6.56 x 1072 

For another case, 5 x 10-? = 6.56 x 10-2 x p 
— 5x102 _ 

T eae 0.762 bar 
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(iii) Ky (K bar) values for Arj), COx(., HCHO.) 


Ans. 


and CHy,) are 40.39, 1.67, 1.83 x 10-5 and 0.413 
respectively. Arrange these gases in the order of 
their increasing solubility. 

(a) HCHO < CH; < CO, < Ar 

(b) HCHO < CO, < CH; < Ar 

(c) Ar < CO, < CH; < HCHO 

(d) Ar < CH; < CO, < HCHO 

(c) Ar < CO, < CH4 < HCHO 

Higher the value of Ky at a given pressure, the lower 
is the solubility of the gas. 


(iv) When a gas is bubbled through water at 298 K, 


Ans. 


a very dilute solution of the gas is obtained. 
Henry’s law constant for the gas at 298 K is 
150 K bar. If the gas exerts a partial pressure 
of 2 bar, the number of millimoles of the gas 
dissolved in 1 L of water is 


(a) 0.55 (b) 0.87 

(c) 0.37 (d) 0.66 

(c) 0.37 

The mol fraction of the gas in solution 
os ee 

XT Ky 150x10-3 


If n is the number of moles of gas in a solution 1 L of 
water containing 55.5 mil then 
n n 1 





x= 44555 55.5 150x10? 
[n + 55.5 = 55.5, as n is very small 
55.5 
5 La =3 = . . 
n= 750 x 10 0.37 millimoles 


(v) Which of the following statements is correct? 


Ans. 


. Boiling point or freezing point of liquid solution 


Q 


(a) Ky increases with increase of temperature. 

(b) Ky decreases with increase of temperature. 

(c) Ky remains constant with increase of tem- 
perature. 

(d) Ky first increases then decreases, 
increase of temperature. 

(a) Ky increases with increase of temperature. 


with 


would be affected by the dissolved solids in the 
liquid phase. A soluble solid in solution has the 
effect of raising its boiling point and depressing 
its freezing point. The addition of non-volatile 
substances to a solvent decreases the vapor 
pressure and the added solute particles affect the 
formation of pure solvent crystals. According to 
many researches the decrease in freezing point 
directly correlated to the concentration of solutes 
dissolved in the solvent. This phenomenon is 
expressed as freezing point depression and it 
is useful for several applications such as freeze 
concentration of liquid food and to find the 
molar mass of an unknown solute in the solution. 
Freeze concentration is a high quality liquid food 
concentration method where water is removed 
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Competency Based Questions (CBQs) = C-13 


by forming ice crystals. This is done by cooling 
the liquid food below the freezing point of the 
solution. The freezing point depression is referred 
as a colligative property and it is proportional 
to the molar concentration of the solution (m), 
along with vapor pressure lowering, boiling 
point elevation, and osmotic pressure. These are 
physical characteristics of solutions that depend 
only on the identity of the solvent and the 
concentration of the solute. The characters are 
not depending on the solute’s identity. 

(Source: Jayawardena, J. A. E. C., Vanniarachchi, M. P. G., 
& Wansapala, M. A. J. (2017). Freezing point depression 
of different Sucrose solutions and coconut water.) 


Answer the following MCQs by choosing the 
most appropriate options: 


(i) When a non volatile solid is added to pure 


water it will 

(a) boil above 100°C and freeze above 0°C. 
(b) boil below 100°C and freeze above 0°C. 
(c) boil above 100°C and freeze below 0°C. 
(d) boil below 100°C and freeze below 0°C. 


Ans. (c) boil above 100°C and freeze below 0°C. 
(ii) Colligative properties are 


(a) dependent only on the concentration of the 
solute and independent of the solvent’s and 
solute’s identity. 

(b) dependent only on the identity of the solute 
and the concentration of the solute and 
independent of the solvent’s identity. 

(c) dependent on the identity of the solvent and 
solute and thus on the concentration of the 
solute. 

(d) dependent only on the identity of the solvent 
and the concentration of the solute and 
independent of the solute’s identity. 


Ans. (d) dependent only on the identity of the solvent 


and the concentration of the solute and 
independent of the solute’s identity. 


(iii) Assume three samples of juices A, B and C have 


glucose as the only sugar present in them. The 
concentration of sample A, B and C are 0.1 M, 
0.5 M and 0.2 M respectively. Freezing point 
will be highest for the fruit juice 

(a) A (b) B 

(œ) C 

(d) All have same freezing point 


Ans. (a) A 
(iv) Identify which of the following is a colligative 


property? 
(a) Freezing point 
(c) Osmotic pressure 


(b) Boiling point 
(d) All of the above 


Ans. (c) Osmotic pressure 
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Chapter: Seven 


p-Block Elements 


Multiple Choice Questions (MCQs) 


1. 


H,S is more acidic than H,O because 

(a) oxygen is more electronegative than sulphur. 

(b) atomic number of sulphur is higher than oxygen. 

(c) H—S bond dissociation energy is less as 
compared to H—O bond. 

(d) H—O bond dissociation energy is less also 
compared to H—S bond. [Ans. (c) 


. The boiling points of hydrides of group 16 are 


in the order 

(a) H,O > H»Te > HS > H,Se 
(b) H,O > HS > H,Se > H,Te 
(c) H2O > H»Te > H,Se > H,S 
(d) None of these 











[Ans. (c) 


. In the manufacture of sulphuric acid by contact 


process Tyndall box is used to 

(a) convert SO, and SO3 

(b) test the presence of dust particles 
(c) filter dust particles 


(d) remove impurities [Ans. (b) 


. Fluorine differs from rest of the halogens in 


some of its properties. This is due to 

(a) its smaller size and high electronegativity. 
(b) lack of d-orbitals. 

(c) low bond dissociation energy. 


(d) All of the these. [Ans. (d) 


. The set with correct order of acidity is 


(a) HCIO < HCIO, < HCIO, < HClO, 
(b) HCIO, < HCIO, < HCIO, < HCIO 
(c) HCIO < HCIO, < HCIO; < HCIO, 


c-14 
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(d) HCIO, < HCIO, < HClO, < HCIO 


. When chlorine reacts with cold and dilute solu- 
tion of sodium hydroxide, it forms 


[Ans. (a) 


(a) Cl and ClO™ 
(c) Cl and CIO3 


(b) Cl and CIO; 


(d) Cl’ and CIO; 
[Ans. (a) 


. The formation of O} [PtF,]” is the basis for 


the formation of first xenon compound. This is 
because 

(a) O, and Xe have different sizes. 

(b) both O, and Xe are gases. 

(c) O, and Xe have comparable electro-negativi- 


ties. 
(d) O, and Xe have comparable ionisation 
enthalpies. [Ans. (d) 
. Partial hydrolysis of XeF, gives 
(a) XeO3 (b) XeOF, 
(c) XeOF, (d) XeF, [Ans. (b) 
. Helium is preferred to be used in balloons 


instead of hydrogen because it is 
(a) incombustible 

(b) lighter than hydrogen 

(c) more abundant than hydrogen 


(d) non polarizable [Ans. (a) 


The increasing order of reducing power of the 
halogen acids is 

(a) HF < HCl < HBr < HI 
(b) HI < HBr < HCl < HF 
(c) HBr < HCI < HF < HI 
(d) HCI < HBr < HF < HI 














[Ans. (a) 
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Assertion-Reason Questions 
DIRECTION: Mark the option which is most suitable: 
(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for assertion. 


(c) Assertion is correct statement but reason is 


wrong statement. 


(d) Assertion is wrong statement but reason is 


1. 


Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


6. 


correct statement. 


Assertion: N; is less reactive than P4. 

Reason: Nitrogen has more electron gain enthalpy 
than Phosphorous. 

(c) Assertion is correct statement but reason is 
wrong statement. 

Because of high stability of N, molecule, the triple 
bond between its atoms is difficult to break due to its 
small size and Pr — Pr bonding. 


. Assertion: HI cannot be prepared by the reaction 


of KI with Concentrated H»SO,. 

Reason: HI has lowest H-X bond strength among 
halogen acids. 

(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 

Because HI is an oxidising and a strong reducing 
agent. HI reduces HSO; to SO, and itself is oxidised 
to I. Hence HI is prepared by heating KI with Conc. 
H3PO4. 


. Assertion: Ozone is a powerful oxidising agent 


in comparison to Op. 

Reason: Ozone is diamagnetic but is paramagnetic. 
(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 

Due to ease with which O; can liberate nascent O,, it 
acts as a powerful oxidising agent. 


. Assertion: Noble gases have highest energies in 


their respective periods. 

Reason: Noble gases have a stable closed shell 
electronic configuration. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


. Assertion: Fluorine has lower reactivity. 


Reason: F—F bond has low bond dissociation 
energy. 

(d) Assertion is wrong statement but reason is 
correct statement. 

Fluorine has highest electronegativity because of its 
largest nuclear charge and small size. 


Assertion: HCIO; is a stronger acid than HCIO}. 
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Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


Competency Based Questions (CBQs) = C-15 


Reason: Oxidation state of Cl in HCIO; is +7 and 
in HCIO3, it is +5. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


. Assertion: At room temperature, oxygen exists as 


a diatomic gas whereas sulphur exists as a solid. 
Reason: The catenated —O—O-—O- chains are 
less stable as compared to O = O molecule. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


. Assertion: PCl; is covalent in gaseous state but 


ionic in solid state. 

Reason: PCl; exists as tetrahedral [PCl,]* cation 
and octahedral [PCl,] anion. 

(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 

Due to Sp? hybridized P atom in PCls, it is found in 
both liquid and gaseous state but in solid state it is 
present as complex ions. 


. Assertion: Sulphuric Acid is more viscous than 


water. 

Reason: Sulphuric Acid has a strong affinity for 
water. 

(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 

Because its molecules can form hydrogen bonds 
among themselves which restricts the movement of the 
molecules in liquid, making it highly viscous. 


Assertion: Both CIF, and SF, show same 
hybridization but CIF, is T-Shaped. 

Reason: In CLF, five electron pairs are present, 
out of which 2 are lone pairs and three are bond 
pairs. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


Case Based Questions 
1. 


All the elements of group 16 have ns?np* configu- 
ration in their outermost shell. Therefore, the 
atoms of these elements try to gain or share two 
electrons to achieve noble gas configuration. 
Sulphur and other elements of group 16 are 
less electronegative than oxygen, so they cannot 
accept electrons easily. By sharing of two electrons 
with other elements, these element acquire 
ns*np® configuration and exhibit +2 oxidation 
state. Except oxygen, group 16 elements have 
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vacant d-orbitals in their valence shell to which 
electrons can be promoted from p- and s-orbitals 
of the same shell. As a result, they can show +4 
and +6 oxidation states also. 
Answer the following MCQs by choosing the 
most appropriate options: 

(i) Oxygen shows +2 oxidation state in 


(a) OF, (b) H,O 
(c) ClO (d) H20, 
Ans. (a) OF, 


AS fluorine is more electronegative than oxygen, so, 
oxygen exhibits +2 oxidation state in OF}. 


(ii) Like sulphur, oxygen is not able to show +4 and 
+6 oxidation states because 
(a) oxygen is a gas while sulphur is a solid. 
(b) sulphur has high ionisation enthalpy as 
compared to oxygen. 
(c) oxygen has no d-orbitals in its valence shell. 
(d) oxygen has high electron affinity as compared 
to sulphur. 
Ans. (c) Oxygen has no d-orbitals in its valence shell. 


(iii) Compounds of sulphur with +4 oxidation state 
acts as a/an 
(a) oxidising agent. 
(b) reducing agent. 
(c) both oxidising as well as reducing agent. 
(d) Cannot be predicted. 

Ans. (c) both oxidising as well as reducing agent. 
In SQ», Sulphur having +4 oxidation state, so it can 
lose its two more electrons to attain +6 oxidation state. 
It can gain electrons to attain its lowest oxidation 
state of -2. Therefore, it can behaves as both reducing 
and oxidising agent. 


(iv) Oxidation State of sulphur in Na,S4O, is 


(a) 7/2 (b) 5/2 
(c) 1/2 (d) 3/2 
Ans. (b) 5/2 


Na S406 => 2(+1) + 4x +6 (-2) =0 
=> 4x =12-2= 10 
10_5 
ee Ho 
(v) The Oxidation State of sulphur in Sg, SO, and 
H,S are respectively 
(a) O, +6 and -2 
(c) -2, 0 and +6 
Ans. (a) O, +6 and -2 


2. Ozone is an unstable, dark blue diamagnetic 
gas. It absorbs the UV radiation strongly, 
thus protecting the people on earth from the 
harmful UV-radiation from the sun. The use 
of chlorofluorocarbon (CFC) in aerosol and 
refrigerators and their subsequent escape into 
the atmosphere, is blamed for making holes in 


Q 


(b) +6, 0 and -2 
(d) +2, +6 and -2 
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the ozone layer over the Antarctica. Ozone acts 
as a strong oxidising agent in acidic and alkaline 
medium. For this property, ozone is used as a 
germicide and disinfectant for sterilizing water. 
It is also used in laboratory for the ozonolysis 
of organic compounds and in industry for 
the manufacture of potassium permanganate, 
artificial silk, etc. 


Answer the following MCQs by choosing the 
most appropriate options: 
(i) Which of the following statements is not correct 
for ozone? 
(a) It oxidises lead sulphide. 
(b) It oxidises potassium iodide. 
(c) It oxidises mercury. 
(d) It cannot act at bleaching agent in dry state. 
Ans. (d) It cannot act at bleaching agent in dry state. 


(ii) Ozone gives carbonyl compounds with 

(a) alkyl chloride. 

(b) alkanes. 

(c) alkenes followed by decomposition with Zn/ 
H,O. 

(d) alcohols followed by decomposition with Zn/ 
H,O. 

Ans. (c) alkenes followed by decomposition with Zn/ 

H,O. 

Ozone reacts with alkenes to form ozonides which on 

hydrolysis or reduction gives carbonyl compounds. 


(iii) Ozone reacts with moist iodine gives 
(a) HI (b) HIO; 
(0 1,05 (b) LO, 

Ans. (b) HIO; 
I, + 503 + H,O = 2HIO3 T 50, 

(iv) Ozone acts as an oxidising agent due to 
(a) liberation of nascent oxygen. 
(b) liberation of oxygen gas. 
(c) both (a) and (b). 
(d) none of these 

Ans. (a) liberation of nascent oxygen. 


(v) The colour of ozone molecule is 
(a) white (b) blue 
(c) pale green (d) pale yellow 
Ans. (b) blue 


3. The halogen elements show great resemblances 
to one another in their chemical behaviour 
and properties of their compounds with other 
elements. There is, however, a progressive 
change in properties from F through Cl, Br and I 
to At. F is most reactive among the halogens and 
infact, from all other elements and it has certain 
other properties that set it apart from the other 
halogens. 
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In the following questions, a statement of asser- 
tion followed by a statement of reason is given. 
Choose the correct answer out of the following 
choices on the basis of the above passage. 


(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for assertion. 


(c) Assertion is correct statement but reason is wrong 


statement. 


(d) Assertion is wrong statement but reason is correct 


statement. 


(i) Assertion: F, has high reactivity. 


Ans. 


Reason: F, has low bond dissociation enthalpy. 
(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 

Fluorine is most electronegative element and has low 
bond dissociation enthalpy. 


(ii) Assertion: The bond between F —F is weaker than 


Ans. 


between Cl—Cl. 

Reason: Atomic size of F is smaller than that of Cl. 
(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 

In F—F bond, due to smaller size of fluorine, e~ — e- 
replusion occur, so its bond strength is less. 


(iii) Assertion: Fluoride does not show oxidation 


Ans. 


number greater than zero. 

Reason: The halogens chlorine, bromine and 
iodine can show positive oxidation state of +1, +3 
and +7. 

(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 

Fluorine is most electronegative element and can not 
exhibit any +ve oxidation state. 


(iv) Assertion: F atom has less negative electron 


Ans. 


affinity than Cl atom. 

Reason: Additional electrons are repelled more 
effectively by 3p- electrons in Cl than by 2p- 
electrons in F atom. 

(c) Assertion is correct statement but reason is 
wrong statement. 

In general, the electron affinity decreases down the 
group but the electron affinity for chlorine is more than 
that for fluorine, because in F, due to the small size 
of the atom, the electrons are already crowded. Entry 
of one more electron results in more repulsion, which 
leads to absorption of some energy released is less than 
what is expected. 


(v) Assertion: Fluorine is strongest oxidising agent in 


halogens. 
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Reason: It displaces other halogens from its 
aqueous solution. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 

Fluorine is the most oxidising agent and it is also 
most electronegative element. Oxidising capability of a 
substance depends upon three factors: bond dissociation 
enthalpy, hydration energy and electron affinity. 
Electron affinity of fluorine is less than that of chlorine 
but bond dissociation energy of fluorine is less than 
that of chlorine and its hydration enthalpy is also high 
due to its small size. So fluorine is strong oxidising 
agent. 


. In the last 10 years much has been learned about 


the molecular structure of elemental sulphur. It 
is now known that many different types of rings 
are sufficiently metastable to exist at room tem- 
perature for several days. It is known that at high 
temperature, the equilibrium composition allows 
for a variety of rings and chains to exist in com- 
parable concentration, and it is known that at the 
boiling point and above, the vapor as well as the 
liquid contains small species with three, four, 
and five atoms. 

The sulfur atom has the same number of valence 
electrons as oxygen. Thus, sulphur atoms S, 
and S have physical and chemical properties 
analogous to those of oxygen and ozone. S, 
has a ground state of 38 03s20*3s*03pz2n3px? 
= mpy2n*3px! = n*3py!. Sə, thiozone has a well 
known UV spectrum, and has a bent structure, 
analogous to its isovalent molecules O3, SO, 
and SO. The chemistry of the two elements, 
sulphur and oxygen, differs because sulfur has 
a pronounced tendency for catenation. The most 
frequently quoted explanation is based on the 
electron structure of the atom. Sulfur has low- 
lying unoccupied 3d orbitals, and it is widely 
believed that the 4s and 3d orbitals of sulfur 
participate in bonding in a manner similar to the 
participation of 2s and 2p orbitals in carbon. 
(Source: Meyer, B. (1976). Elemental sulfur. Chemical 
Reviews, 76(3), 367-388. doi:10.1021/cr60301a003) 


In the following questions, a statement of asser- 
tion followed by a statement of reason is given. 
Choose the correct answer out of the following 
choices on the basis of the above passage. 


(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for assertion. 


(c) Assertion is correct statement but reason is wrong 


statement. 
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(d) Assertion is wrong statement but reason is correct 
statement. 

(i) Assertion: Sulphur belongs to same group in the 
periodic table as oxygen. 
Reason: S, has properties analogous to Op. 

Ans. (b) Assertion and reason both are correct state- 

ments but reason is not correct explanation for 
assertion. 


(ii) Assertion: Thiozone has bent structure like ozone. 
Reason: Ozone has a lone pair which makes the 
molecule bent. 

(b) Assertion and reason both are correct state- 
ments but reason is not correct explanation for 
assertion. 


Ans. 


(iii) Assertion: S, is paramagnetic in nature. 

Reason: The electrons in n*3px and n*3py orbitals 
in S, are unpaired. 

(a) Assertion and reason both are correct state- 
ments and reason is correct explanation for 
assertion. 


Ans. 


(iv) Assertion: Sulphur has a greater tendency for 
catenation than oxygen. 

Reason: 3d and 4s orbitals of Sulphur have same 
energy. 

(c) Assertion is correct statement but reason is 
wrong statement. 


Ans. 


5. Under the normal conditions, noble gases are 
monoatomic and have closed shell electronic 
configuration. Lighter noble gases have low boil- 
ing points due to weak dispersion forces between 
the atoms and the absence of other interatomic 
interactions. Xenon, one of the important noble 
gas, forms a series of compounds with fluorine 
with oxidation number +2, +4 and +6. All xenon 
fluorides are strong oxidising agents. XeF, reacts 
violently with water to give XeO3. The geometry 
of xenon compounds can be deduced by consid- 
ering the total number of electron pairs in their 
valence shell. 
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Answer the following MCQs by choosing the 
most appropriate options: 

(i) Among the noble gases (from He to Xe) only 
xenon reacts with fluorine to form stable xenon 
fluorides because xenon 
(a) as the largest size. 

(b) has the lowest ionisation enthalpy. 

(c) has the highest heat of vapourisation. 

(d) is the most readily available noble gas. 
Ans. (b) has the lowest ionisation enthalpy. 


(ii) The structure of XeO; is 
(a) square planar (b) Pyramidal 
(c) linear (d) T-shaped 
Ans. (b) Pyramidal 


V (Pyramidal structure) 


Oo l No 


(iii) XeF, is expected to be 
(a) oxidising agent. 
(c) unreactive. 

Ans. (a) oxidising agent. 
All xenon fluorides are strong oxidising agents. 
XeF; + H,O > XeO3 + 6HF 


(iv) In the preparation of compound of xenon, 
Bartlett had taken O}PtF; as a base compound. 
This is because 
(a) both O, and Xe have same size. 

(b) both Xe and O, have same electron gain 
enthalpy. 
(c) both have almost same ionisation enthalpy. 
(d) both Xe and O; are gases. 
Ans. (c) both have almost same ionisation enthalpy. 


(b) reducing agent. 
(b) strongly basic. 


(v) The oxidation state of xenon in XeO; is 


(a) +4 (b) +2 
(c) +8 (d) +6 
Ans. (d) +6 
XeO3 => x+(-2)x3=0 ~ x= +6 
aa 
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Chapter: Zen 


Haloalkanes and Haloarenes 


Multiple Choice Questions (MCQs) 


1. 


Syn1 reaction of alkyl halides leads to 
(a) Retention of configuration 

(b) Racemisation 

(c) Inversion of configuration 


(d) None of the above [Ans. (b) 


. p-dichlorobenzene has higher melting point 


than its o- and m- isomers because 
(a) p-dichlorobenzene is more polar than o- and 


m- isomer. 

(b) p-isomer has a symmetrical crystalline 
structure. 

(c) boiling point of p-isomer is more than o- and 
m-isomer. 

(d) All of these are correct reasons. [Ans. (b) 


. Chloropicrin is formed by the reaction of 


(a) steam on carbon tetrachloride. 
(b) nitric acid on chlorobenzene. 
(c) chlorine on picric acid. 


(d) nitric acid on chloroform. [Ans. (d) 


. Fitting reaction can be used to prepare 


(a) Toluene 
(c) Diphenyl 


(b) Acetophenon 
(d) Chlorobenzene 
[Ans. (c) 


. Identify the end product (C) in the following 


sequence: 


soci KCN (alc.) 
C,H;0H Pyridine? A = 





2H,O/H* 
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Competency Based Questions 


. CH,CH,CH,Cl 


vo 





(a) C2H5CH)NH, 
(c) CsHsCOOH 


(b) C;HsCONH> 
(d) C,HsNH, + HCOOH 
[Ans. (c) 








Ic. KOH 
alc. ae B HBr 


C Na/ether D 


In the above reaction, the product D is 
(a) Propane (b) 2, 3-Dimethylbutane 
(c) Hexane (d) Allyl bromide[Ans. (b) 


. Identify X and Y in the following sequence 


C,H; Br —> Product ——> C,H,NH, 
(a) X = KCN, Y = LiAIH, 

(b) X = KCN, Y = H;O+ 

(c) X = CHCl, Y = AlCl; HCI 


(d) X = CH;NH, Y = HNO, [Ans. (a) 


. In the following sequence of reactions: 


Reducti . 
C,H;Br “8, x SSS". y; Y is 


(a) n-propylamine (b) isopropylamine 
(c) ethylamine (d) ethylmethylamine 


[Ans. (d) 
.X Ke Yellow or While ppt 
Which of the following cannot be X? 
Br 
(a) Oy (6) (CH); Cl 
CH>Br N3Cl 
[Ans. (a) 
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10. 


Ass 





Identify Z in the series: 

CH, = CH, > x KOH , y -Ms 57 
(a) CHI (b) C,H50H 

(c) CHI, (d) CH3;CHO [Ans. (c) 


ertion-Reason Questions 


DIRECTION: Mark the option which is most suitable: 
(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for assertion. 


(c) Assertion is correct statement but reason is wrong 


statement. 


(d) Assertion is wrong statement but reason is correct 


1. 


Ans. 


Ans. 


Ans. 


statement. 


Assertion: Boiling point of alkyl halides increases 
with increase in molecular weight. 

Reason: Boiling point of alkyl halides is in the 
order RI > RBr > RCI > RE. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Greater the molecular mass, stronger the van der 
Waals’ forces of attraction and hence higher is the 
melting point/boiling point. 


. Assertion: Boiling point of RCI is greater than RF. 


Reason: R-CI is more stable than R-F. 

(c) Assertion is correct statement but reason is 
wrong statement. 

For the same alkyl group, the boiling points are in the 
order RI > RBr > RCI > RF. This is because with the 
increase in the size of halogen, the magnitude of van 
der Waals’ force increases and boiling point increases. 


. Assertion: n-Butyl bromide has higher boiling 


point than isobutyl bromide. 

Reason: The branching of the chain makes the 
molecule compact and therefore decreases the 
surface area. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

Branching of chain makes molecule more compact and 
therefore, decreases the surface area. Due to decrease 
in surface area, the magnitude of van der Waals’ force 
of attraction decreases and consequently, the boiling 
points of branched chain are less than those of straight 
chain compounds. 


. Assertion: p-Dichlorobenzene has higher melting 
point than o-dichlorobenzene. 
Reason: Stronger the van der Waals’ forces of 
attraction, higher is the melting point. 


Q 
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Ans. (b) Assertion and reason both are correct 


ol 


Ans. 


Ko] 
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Ans. 


Ans. 


ko] 


Ko] 


ioe) 


Ans. 


wn 


statements but reason is not correct explanation 
for assertion. 

Among dichlorobenzenes, the p-isomer being symmet- 
rical, packs closely in the crystal lattice and hence has 
much higher melting point than o- and m- isomers. 


. Assertion: Vinyl chloride is less reactive than 


alkyl chloride. 

Reason: Stability of alkyl halide decreases as the 
strength of C-X bond decreases. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Vinyl chloride itself shows resonance structure and 
thus stabilized. As vinyl chloride has partial double 
bond character thus breaking of C-—CI bond is 
difficult which makes vinyl chloride less reactive than 
alkyl chloride. 


v` = 
CH, = CH- CI << H,C- CH = C 


. Assertion: Nucleophilic substitution reaction on 


an optically active alkyl halide gives a mixture of 
enantiomers. 

Reason: The reaction occurs by Sy2 mechanism. 
(c) Assertion is correct statement but reason is a 
wrong statement. 

In case of optically active alkyl halides, S\1 reactions 
are accompanied by racemisation. The carbocation 
formed is sp? hybridised and planar. The attack of 
the nucleophile may be accomplished with opposite 
configuration i.e, racemic mixture. 


Assertion: p-Dichlorchlorobenzene is less soluble 
in organic solvents than the corresponding 
o-isomer. 

Reason: o-Dichlorobenzene 
p-dichlorobenzene is not. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

p-Dichlorobenzene being more symmetrical than 
o-isomer fits closely in the crystal lattice and hence 
greater amount of energy is needed to break the crystal 
lattice. Thus, p-isomer is less soluble than o-isomer. 


is polar while 


. Assertion: Tertiary haloakanes are more reactive 


than primary haloakanes towards elimination 
reactions. 

Reason: The +1-effect of the alkyl groups weakens 
the C— X bond. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

Due to steric hindrance, tertiary haloakanes do not 
prefer to undergo substitution but instead undergo 
elimination. 
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9. Assertion: Benzyl chloride is more reactive than 
p-chlorotoluene towards aqueous NaOH. 
Reason: The C—ClI bond in benzyl chloride is 
more polar than C—Cl bond in p-chlorotoluene. 
(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

The conductivity p-type semiconductor is due to 
movement of holes under the applied electric field. 


Ans. 


10. Assertion: Lower members of alkyl halides are 
colourless gases. 

Reason: Alkyl iodides in general turn black on 
exposure to air and light. 

(c) Assertion is correct statement but reason is a 
wrong statement. 

Alkyl iodides in general turn brown due to liberation 


Ans. 


of I, on decomposition by the action of air and light. 


Case Based Questions 


1. Nucleophilic substitution reactions are of two 
types; substitution nucleophilic bimolecular 
(Syl) depending on molecules taking part in 
determining the rate of reaction. Reactivity of 
alkyl halide towards Syl and S,2 reactions 
depends on various factors such as steric 
hindrance, stability of intermediate or transition 
state and polarity of solvent. S,2 reaction 
mechanism is favoured mostly by primary alkyl 
halide followed by secondary and tertiary. This 
order is reversed in case of Sy1 reactions. 


Answer the following questions by choosing the 
most appropriate options: 
(i) Which of the following is most reactive towards 
nucleophilic substitution reactions? 
(a) CgHsCl (b) CH, = CHCl 
(c) CICH,CH = CH, (d) CH;CH = CHCl 
Ans. (c) CICH,CH = CH, 
Allylic chlorides are most reactive. 
(ii) Isopropyl chloride undergoes hydrolysis by 
(a) S1 mechanism (b) Sy2 mechanism 
(c) Sxl and Sy2 mechanism 
(d) neither Sy1 nor S2 mechanism 
Ans. (c) Syl and Sy2 mechanism 
2°- alkyl halides undergo hydrolysis by Syl or Sy2 
mechanism 
(iii) The most reactive nucleophile among the 
following is 
(a) CH;0- 
(c) (CHs)sCHO- 
Ans. (a) CH30- 
Smaller the size of the nucleophile (i.e., CH3O7), more 
reactive it is. 
(iv) Tertiary alkyl halides are practically inert to 
substitution by Sy2 mechanism because of 


Q 


(b) CH 507 
(d) (CH3)2CO- 
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(b) instability 
(d) steric hindrance 


(a) insolubility 
(c) inductive effect 
Ans. (d) steric hindrance 
Steric hindrance due to bulky alkyl groups prevents 
the attack of the ncleophile in Sy2 mechanism. 
(v) Which of the following is the correct order of 
decreasing S,2 reactivity? 
(a) RCH,X > R,CHX > R3CX 
(b) RCX > R,CHX > RCH,X 
(c) R,>CHX > R,CX > RCH,X 
(d) RCH>X > RCX > RCHX 
(b) RCH,X > R,CHX > R3CX 
Larger the number of alkyl groups at a-carbon atoms, 
more is the steric hindrance and hence lesser the 
reactivity towards Sy2 mechanism. 


Ans. 


2. A chlorocompound (A) on reduction with Zn- 
Cu ethanol gives the hydrocarbon (B) with five 
carbon atoms. When (A) is dissolved in dry 
ether and treated with sodium metal it gave 
2,2,5,5-tetramethylhexane. The treatment of (A) 
with alcoholic KCN gives compound (C). 


Answer the following questions by choosing the 
most appropriate options: 
(i) The compound (A) is 

(a) 1-chloro-2,2-dimethylpropane 
(b) 1-chloro-2,2-dimethyl butane 
(c) 1-chloro-2 methyl butane 
(d) 2-chloro-2-methyl butane. 

Ans. (a) 1-chloro-2,2-dimethylpropane 








CH 
CH; c CH, — Cl Na/ Ether 5 
CH; 
(A) 
1-Chloro-2,2-dimethylpropane 
CH CH 
CH; — C — CH, — CH; — C — CH, 
| | 
CH, CH, 


2, 2, 5, 5- Tetramethylhexane 
(ii) The reaction of (C) with Na, C,H;OH gives 
(a) (CE 1,)3C CI T CONE 1, 
(b) (CH3)3C NH3 











(c) (CH C CH, CH,NH, 
(d) (CH3),CHCH,NH, 
Ans. (c) (CE 13)3C CI 15 CI INE 15 
CH, 
| 
CH cocoa 
| 
ace 
(A) 
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CH, 
| 
CH, — c CN ee 
cH, 
(C) 
CH, 


| 
CH; — C — CH,CH,NH, 
| 


CH, 


(iii) The reaction of (C) with Na, C,H;5OH is called 
(a) Gilman reaction (b) Mendius reaction 
(c) Grooves process (d) Swart’s reaction 
Ans. (b) Mendius reaction 
(iv) The reaction of (A) with aq. KOH will preferably 
favour 
(a) Sy1 mechanism 
(c) E4 mechanism 
Ans. (a) S1 mechanism 


(b) Sy2 mechanism 
(d) E, mechanism 


(v) Compound (B) is 
(a) n-pentane (b) 2, 2-dimethylpropane 
(c) 2-methylbutane (d) none of above 
Ans. (b) 2, 2-dimethylpropane 


CH, 
CH; — i = CH,CN Zn-Cu/C,H;0H 
a CH; 
3 | 
(A) CH, — 7 — CH, 
CH, 
(B) 


3. When haloalkanes with B-hydrogen atom are 
boiled with alocholic solution of KOH, they 
undergo elimination of hydrogen halide resulting 
in the formation of alkenes. These reactions 
are called B-elimination reactions or dehydro 
halo genation reactions. These reactions follow 
Saytzeff’s rule. Substitution and elimination 
reactions often compete with each other. Mostly 
bases behave as nucleophiles and therefore can 
engage in substitution or elimination reactions 
depending upon the alkyl halide and the reaction 
conditions. 

Answer the following questions by choosing the 
most appropriate options: 

(i) Among the following the most reactive towards 
alcoholic KOH is 
(a) CH, = CHBr 
(c) CH3CH,Br 

Ans. (d) CH3CH,CH>Br 
In alkyl halides polarity of C - Br bond increases with 
increase in chain length. 


Q 


(b) CH;COCH,CH;,Br 
(d) CH3CH»CH,Br 
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aq. OH 
—— 


(ii) The general reaction, R—X ROH + 
X-, is expected to follow decreasing order of 
reactivity as in 
(a) t-Bul > t-BuBr > t-BuCl > t-BuF 
(b) t-BuF > t-BuCl > t-BuBr > t-Bul 
(c) t-BuBr > t-BuCl > t-Bul > t-BuF 
(d) t-BuF > t-BuCl > ¢-Bul > ¢-BuBr 
(a) t-Bul > t-BuBr > t-BuCl > t-BuF 
The order of reactivity of alkyl halides: iodide > 
bromide > chloride (nature of the halogen atom) 
tertiary > secondary > primary (type of halogen 
atom). 
(iii) Reaction of t-butyl bromide with sodium 

methoxide produces 

(a) sodium t-butoxide (b) t-butyl methyl ether 

(c) iso-butane (d) iso-butylene 
Ans. (d) iso-butylene 

= 
H3CCCHs + CH; ONa —> 
CH, 


CHa 

CH3C = CH, + CH} OH + NaBr 
(iv) In the elimination reactions the reactivity of 
alkyl halides follows the sequence 
(a) R-F>R-Cl1>R-Br>R-I 
(b) R-I1>R-Br>R-Cl>R-F 
(c) R-I>R-F>R-Br>R-Cl 
(4d) R-F>R-1I>R-Br>R-Cl 
(b) R-I1>R-Br>R-Cl>R-F 
The order of bond dissociation energy : R- F > R- Cl 
> R - Br > R - I. During dehydrohalogenation C - I 
bond breaks more than C - F bond. 
So reactivity order of halides 
R-I>R-Br>R-CI>R-F. 
(v) The ease of dehydrohalogenation of alkyl 
halide with alcoholic KOH is 
(a) 3° < 2° < 1° 
(b) 3° > 2 > 1° 
(c) 3° < 2° > 1° 
(d) 3° > J9 < 12 
(b) 3° > 2° > 1° 
The ease of dehydrohalogenation of alkyl halide with 
alcoholic KOH is 3° > 2° > 1°. 
This order of alkyl halides can be explained on 
the basis of the stability of the alkene formed after 
dehydrohalogenation of haloalkenes. 3° alkyl halides on 
dehydrohalogenation form more substituted alkenes, 
which being more stable are formed at faster rate, 
while primary alkyl halides yield least substituted 
alkenes, which being less stable are formed at slower 
rate. 


Ans. 


Ans. 


Ans. 
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4. Consider the given sequence of reactions: (b) phenol 
(c) p-chlorophenol 
i i 
©) Cl,FeCl, 5X Na, Dry ether SW ( d) triphenyl 
eE aq. NaOH (15%) Ans. (a) benzene 





conc. HNO; + conc. H»SO4 433 K, dil. HCl 


>Y >Z g 
Answer the following questions by choosing the 
most appropriate options: 





ra gO) a 


(i) Identify W. : Benzene 
OH ONa (v) Compound Z is 
(a) phenol (b) p-chlorophenol 
(a) © (b) © (c) p-nitrophenol (d) nitrobenzene | mg 
Ans. (b) p-nitrophenol 


Q 
g 


. Haloarenes are less reactive than haloalkanes. | m | 




















ONa The low reactivity of haloarenes can be attributed 
“od a or to 
— resonance effect 
2 . . . 
Ans. (c) — sp* hybridisation of C—X bond 

ie} O Cl — polarity of C—X bond "D 
N R geod, — instability of phenyl cation (formed by 
O esa © Na Dy Ebe self-ionisation of haloarene) 
Soe x 


— repulsion between the electron rich attacking 
O O nucleophiles and electron rich arenes. 
Ww Reactivity of haloarenes can be increased or 
decreased by the presence of certain groups 
at certain positions. For example, nitro (-NO3) 
group at o/p positions increases the reactivity Z 
of haloarenes towards nucleophilic substitution 
NO, reactions. 
Answer the following questions by choosing the Cl 
most appropriate options: 
(i) Aryl halides are less reactive towards 
nucleophilic substitution reaction as compared 


(ii) Compound Y is 


(a) oO (b) 


NO, to alkyl halides due to 
a (a) the formation of less stable carbonium ion 
Ane O (b) resonance stabilisation DJ 
(c) larger carbon-halogen bond 
inductive effect 
NO, (d) inductive effec > 


Ans. (b) resonance stabilisation 








Cl cl 
(ii) Which of the following aryl halides is the most wa 
Q Cone HNO ee reactive towards nucleophilic substitution? 
Cl CI 


x) A = mi 
(Y) (a) (b) 2 S 


(iii) When X reacts with CH3;COCI in the presence f 
of anhy. AICI3, the reaction is known as £ 





(c) Wurtz-Fittig reaction 
(d) Friedel-Crafts acylation reaction. 
Ans. (d) Friedel-Crafts acylation reaction. 
(iv) When X is treated Ni-Al/NaOH the product Ans. (d) ON NO, 
obtained is 
(a) benzene 


Cl 
(a) Fitting reaction NO, ON NO, 
(b) Ullmann reaction (c) O (d) O 

NO, 


NO, 
cl 





NO, 
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When in aryl halides the electron withdrawing groups 
are attached at ortho and para positions to the chlorine 
atom then removal of chlorine atom as Cl- ion becomes 
easy therefore, 2,4,6-trinitro chlorobenzene is the most 
reactive among given aryl halides. 


(iii) Which one of the following will react fastest 


Ans. 


with aqueous NaOH? 
CH; CH; 


(a) (b) 


Cl 
T 
CH;CI CH,—C-CI 
oQ JO 
i 
qc 
Ko 
T 
CH -C-Cl 
O + NaOH ap —> 
O 


i 
CH,—C-—OH 
O + NaCl 


(iv) Which chloro derivative of benzene among 


Ans. 


the following would undergo most readily 
with aqueous sodium hydroxide to furnish the 
corresponding hydroxy derivative? 


NO, 
(b) ON <O)- cl 
NO, 
(o) MeN-(C))- Cl (d) CHCI 


NO, 


(a) oNx{O —Cl 


NO, 
Cl in 2,4,6-trinitrochlorobenzene is activated by three 
NO, groups at o, and p-positions and hence undergoes 
hydrolysis most readily. 


(a) ON cl 





(v) The reactivity of the compounds (i) MeBr, 


Ans. 
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(ii) PhCH,Br, (iii) MeCl, (iv) p-MeOC,H,Br 
decreases as 


(a) (i) > (ii) > (iii) > (iv) 
(b) (iv) > (ii) > (i) > (iii) 
ae (iv) > (iii) > (i) > (i) 

d) (ii) > (i) > (iii) > (iv) 
i (ii) > (i) > (iit) > (iv) 





The order of reactivity follows the sequence: benzyl 
halides > alkyl halides > aryl halides. Out of cholrides 
and bromides, bromides are more reactive. Therefore, 
the correct order of reactivity is (ii) PhCH) Br > 

(i) MeBr > (iii) MeCl > (iv) p-MeOC.H,4Br. 


. Nucleophilic substitution reaction of haloalkane 


can be conducted according to both Sy1 and Sy2 
mechanisms. However, which mechanism it is 
based on is related to such factors as the structure 
of haloalkane, and properties of leaving group, 
nucleophilic reagent and solvent. 

Influences of halogen: No matter which 
mechanism the nucleophilic substitution reaction 
is based on, the leaving group always leaves the 
central carbon atom with electron pair. This is 
just the opposite of the situation that nucleophilic 
reagent attacks the central carbon atom with 
electron pair. Therefore, the weaker the alkalinity 
of leaving group is , the more stable the anion 
formed is and it will be more easier for the 
leaving group to leave the central carbon atom; 
that is to say, the reactant is more easier to be 
substituted. The alkalinity order of halogen ion is 
I < Br < Cl < F and the order of their leaving 
tendency should be I” > Br~ > Cl” > F- . Therefore, 
in four halides with the same alkyl and different 
halogens, the order of substitution reaction rate 
is RI> RBr > RCI > RF. In addition, if the leaving 
group is very easy to leave, many carbocation 
intermediates are generated in the reaction and 
the reaction is based on Sy1 mechanism. If the 
leaving group is not easy to leave, the reaction is 
based on Sy2 mechanism. 

Influences of solvent polarity: In S,1 reaction, 
the polarity of the system increases from the 
reactant to the transition state, because polar 
solvent has a greater stabilizing effect on the 
transition state than the reactant, thereby reduce 
activation energy and accelerate the reaction. In 
Sy2 reaction, the polarity of the system generally 
does not change from the reactant to the transition 
state and only charge dispersion occurs. At this 
time, polar solvent has a great stabilizing effect on 
Nu than the transition state, thereby increasing 
activation energy and slow down the reaction 
rate. For example, the decomposition rate ( Sy1) 
of tertiary chlorobutane in 25°C water (dielectric 
constant 79) is 3,00,000 times faster than in 
ethanol (dielectric constant 24). The reaction rate 
(S\2) of 2-bromopropane and NaOH in ethanol 
containing 40% water is twice slower than in 
absolute ethanol. In a word, the level of solvent 
polarity has influence on both Syl and S\2 
reactions, but with different results. Generally 
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speaking, weak polar solvent is favourable for Sy2 
reaction, while strong polar solvent is favourable 
for Sy1 reaction, because only under the action 
of polar solvent can halogenated hydrocarbon 
dissociate into carbocation and halogen ion and 
solvents with a strong polarity is favourable for 
solvation of carbocation, increasing its stability. 
Generally speaking, the substitution reaction of 
tertiary haloalkane is based on Syl mechanism 
in solvents with a strong polarity (for example, 
ethanol containing water). 

(Source: Ding, Y. (2013). A Brief Discussion on 
Nucleophilic Substitution Reaction on Saturated 
Carbon Atom. In Applied Mechanics and Materials 
(Vol. 312, pp. 433-437). Trans Tech Publications Ltd.) 


Answer the following questions by choosing the 
most appropriate options: 


(i) Sx1 mechanism is favoured in which of the 


following solvents: 
(a) benzene 
(c) acetic acid 


(b) carbon tetrachloride 
(d) carbon disulphide 


Ans. (c) acetic acid 
(ii) Nucleophilic substitution will be fastest in case 


of: 

(a) 1-Chloro-2,2-dimethyl propane 
(b) 1-lodo-2,2-dimethyl propane 
(c) 1-Bromo-2,2-dimethyl propane 
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(d) 1-Fluoro-2,2-dimethyl propane 


Ans. (b) 1-lodo-2,2-dimethyl propane 
(iii) Sy1 reaction will be fastest in which of the 


following solvents? 

(a) Acetone (dielectric constant 21) 
(b) Ethanol (dielectric constant 24) 
(c) Methanol (dielectric constant 32) 
(d) Chloroform (dielectric constant 5) 


Ans. (c) Methanol (dielectric constant 32) 
(iv) Polar solvents make the reaction faster as they: 


(a) destabilize transition state and decrease the 
activation energy 

(b) destabilize transition state and increase the 
activation energy 

(c) stabilize transition state and increase the 
activation energy 

(d) stabilize transition state and decrease the 
activation energy 


Ans. (c) stabilize transition state and increase the 


activation energy 


(v) Sy1 reaction will be fastest in case of: 


(a) 1-Chloro-2-methyl propane 
(b) 1-lodo-2-methyl propane 
(c) 1-Chlorobutane 

(d) 1-lodobutane 


Ans. (b) 1-lodo-2-methyl propane 
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Chapter: Eleven 
Alcohols, Phenols ud Ethers 


®) Competency Based Questions 





Multiple Choice Questions (MCQs) 5. Phenols are more acidic than alcohols because 
(a) Phenoxide ion is stablised by resonance 


(b) Phenols are more soluble in polar solvents 
(c) Phenoxide ion does not exhibit resonance 
(d) Alcohols do not lose H atoms at all [Ans. (a) 


1. The correct order of boiling point of primary 
(1°), secondary (2°) and tertiary (3°) alcohols is 
(a) 1° > 2° > 3° (b) 3° > 2° > 1° 
(c) 2° > 1° > 3° (d) 2° >3°>1° [Ans. (a) , i 

. The compound B is formed in the sequence of 

2. CG/H;OH + soch 2" C,H;CI + SO, + HCI the reaction given below: 

(a) Williamson’s reaction. C;H;OH + NaOH + CCl, Heat, 4 `B 
(b) Hofmann’s synthesis. 

(c) Mendis reaction. 

(d) Darzen’s reaction. [Ans. (d) 


The compound B is 
(a) Salicylaldehyde (b) Benzoic acid 
(c) Salicylic acid (d) Cinnamic acid 
3. The correct acidic strength order of the follow- [Ans. (c) 
ing: 7. Which of the following reagents cannot be 
used to distinguish between phenol and benzyl 


alcohol? 

(a) FeCl; (b) Litmus soln 

(c) Bro/CCl, (d) All of the above 
hs T 


Alcohols, Phenols and Ethers 





2 NO, [Ans. (c) 
u 8. Identify Z in the series 
is — Conc. H2504 Br Excess of 
(a) 1> > (b) I> 1> C3H7OH — eroe? X > Y — i Kon? Z 
(c) 1 >>I (a) I1>Ul>U  [Ans. (b) (a) CH, — CH — CH, 
4. Which compound is predominantly formed NH, NH, 
when phenol is allowed to react with bromine (CH, Ch = cn, 
in aqueous medium? | 
(a) Picric acid OH OH 
(b) O-Bromophenol (c) CH, — C =CH, 
(c) 2, 4, 6-Tribromophenol | 
B henol A py 
(d) p-Bromopheno [Ans. (c) (CH= coal [Ans. (d) 
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9. 


10. 


11. 


1-propanol and 2-propanol can be best dis- 

tinguished by 

(a) Oxidation with KMnO; followed by reaction 
with Fehling solution. 

(b) Oxidation with acidic dichromate followed 
by reaction with Fehling solution. 

(c) Oxidation by heating with copper followed 
by reaction with Fehling solution. 

(d) Oxidation with concentrated H,SO, followed 
by reaction with Fehling solution. 





[Ans. (c) 
C6H5OH Mo X ae Y SE >Z 
In the above sequence Z is 
(a) Toluene (b) Cresol 
(c) Benzene (d) Benzol [Ans. (c) 


The major organic product in the reaction, 
CH, — O — CH(CH;), + HI — product: is/are 
(a) CH;I + (CH3) CHOH 

(b) CH;OH+(CH3), CHI 

(c) ICH, OCH (CHs) 

(a) CH, — O-C — (CH), 


| [Ans. (a) 








Assertion-Reason Questions 
DIRECTION: Mark the option which is most suitable: 
(a) Assertion and reason both are correct statements 


and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements 


but reason is not correct explanation for assertion. 


(c) Assertion is correct statement but reason is wrong 


statement. 


(d) Assertion is wrong statement but reason is correct 


1. 


Ans. 


Ans. 


Q 


statement. 

Assertion: Boiling points of alcohols are lower 
than hydrocarbons. 

Reason: Among isomeric alcohols, boiling point 
decreases in the order: 1° > 2° > 3°. 

(d) Assertion is wrong statement but reason is 
correct statement. 

Alcohols undergo intermolecular H-bonding and 
hence, their boiling points are higher than those of 
hydrocarbons. Among isomeric alcohols, boiling point 
decreases in the order: 1° > 2° > 3°. 


. Assertion: Solubility of alcohols decreases with 


increase in size of alkyl/aryl groups. 

Reason: Alcohols form H-bonding with water to 
show soluble nature. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

The tendency to show H-bonding decreases with 
increasing hydrophobic character or carbon chain. 
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Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


. Assertion: 


Competency Based Questions (CBQs) = C-27 


. Assertion: tert-Butyl alcohol undergoes acid 


catalysed dehydration readily than propanol. 
Reason: 3° Alcohols do not give Victor-Meyer’s 
test. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Alcohols which form the more stable carbocation 
undergo dehydration more readily. Since tert-butyl 
alcohol form more stable tert-butyl cation therefore, it 
undergoes dehydration more readily than propanol. 


. Assertion: o-Nitrophenol is more volatile than 


p-nitrophenol. 

Reason: Intramolecular hydrogen bonding is 
present in o-nitrophenol while intermolecular 
H-bonding is in p-nitrophenol. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: Phenol is less acidic than p-nitrophenol. 


Reason: Phenolate ion is more stable than 
p-nitrophenol ion. 

(c) Assertion is correct statement but reason is 
wrong statement. 

Phenol is less acidic than p-nitrophenol because -NO3 
is strongly electron withdrawing p-Nitrophenolate ion 
is more stable than phenolate ion. 


With Br,.—H,O, phenol gives 
2,4,6-tribromophenol but with Bry—CSy, it gives 
4-bromophenol as the major product. 

Reason: In water, ionisation of phenol is enhanced 
but in CS, it is greatly suppressed. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: Phenol is more acidic than ethanol. 


Reason: Phenoxide ion is resonance stabilised. 
(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


. Assertion: Phenol decomposes NaHCHO; solution 


to evolve CO, gas. 

Reason: Picric acid is 2, 4, 6-trinitrophenol. 

(d) Assertion is wrong statement but reason is 
correct statement. 

Phenol is a weaker acid than carbonic acid and hence, 
does not decompose NaHCO; solution to evolve CO, 
gas. Picric acid is 2, 4, 6-trinitrophenol. 


. Assertion: Reimer-Tiemann reaction of phenol 


with CHCl; in NaOH at 340 K gives salicylic acid 
as the major product. 
Reason: The reaction occurs through intermediate 
formation of *CHCl). 
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Ans. (c) Assertion is correct statement but reason is 
wrong statement. 
Intermediate formed is dichlorocarbene. 


10. Assertion: Primary and secondary alcohols can be 
distinguished by Victor-Meyer’s test. 

Reason: Primary alcohols form nitrolic acid which 
dissolves NaOH to form blood red colouration 
but secondary alcohols form pseudonitrots which 
give blue colouration with NaOH. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 


Ans. 


Case Based Questions 


1. A compound (X) containing C, H and O is 
unreactive towards sodium. It also does not 
react with Schiff’s reagent. On refluxing with an 
excess of hydroiodic acid, (X) yields only one 
organic product (Y). On hydrolysis, (Y) yields a 
new compound (Z) which can be converted into 
(Y) by reaction with red phosphorus and iodine. 
The compound (Z) on oxidation with potassium 
permanganate gives a carboxylic acid. The 
equivalent weight of this acid is 60. 

Answer the following questions by choosing the 
most appropriate options: 

(i) The compound (X) is an 


(a) acid (b) aldehyde 
(c) alcohol (d) ether 
Ans. (d) ether 


Since the compound X is unreactive towards sodium 
so it is neither an acid nor an alcohol. Since the 
compound X is unreactive towards Schiff’s base so it 
is not an aldehyde. This compound X forms only one 
product on reaction with excess HI, indicates that the 
compound X may be ether. 


(ii) The IUPAC name of the acid formed is 
(a) methanoic acid (b) ethanoic acid 
(c) propanoic acid (d) butanoic acid 
Ans. (b) ethanoic acid 
The reactions can be written as : 


Reflux with hydrolysis 
ROR -<T> 2R. eey 2ROH 
X) ($) (Z) 


Red P, Ip 


RCOOH «Eeo 
(Eq. wt = 60) [O] 
Since the equivalent weight of carboxylic acid is 60. 
SO, it must be CH; COOH, i.e., ethanoic acid. 
(iii) Compound (X) is 
(a) ethyl iodide 
(c) propyl iodide 
Ans. (a) ethyl iodide 
The alcohol Z in that case should be C,H;OH and 


Q 


(b) methyl iodide 
(d) mixture of (a) and (b) 
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the compound Y should be ethyl iodide. X is therefore 
diethyl ether (CH5; — O — CH5) 


C,Hs0C,H, Reflux withy oc Hy hydrolysis. 2C,H;OH 
X ¥ ZL 


excess HI 


2CH3;COOH mA 


(iv) Compound (Z) is 
(a) methanol 
(c) propanol 
Ans. (b) ethanol 
(v) Compound (X) on treatment with excess of Cl, 
in the presence of light gives 
(a) a-chlorodiethy1 
(b) a’-dichlorodiethy] ether 
(c) perchlorodiethyl ether 
(d) none of above 
(c) perchlorodiethyl ether 
In the presence of light and excess of chlorine, all the 
hydrogen atoms of diethyl ether are substituted to give 
perchlorodiethyl ether. 


(b) ethanol 
(d) butanol 


Ans. 


Ke] 


CHCH, —O-—CH,CH; + 10C, —2—> 
(excess) 
CCl,CCl, — O — CCl, — CCl, + 10HC1 
Perchlorodiethyl ether 


N 


. Both alcohols and phenols are acidic in nature, 
but phenols are more acidic than alcohols. Acidic 
strength of alcohols mainly depends upon the 
inductive effect. Acidic strength of phenols 
depends upon a combination of both inductive 
effect and resonance effects of the substituent 
and its position on the benzene ring. Electron 
withdrawing groups increase the acidic strength 
of phenols whereas electron donating groups 
decrease the acidic strength of phenols. Phenol is 
weaker acid than carboxylic acid. 


Answer the following questions by choosing the 
most appropriate options: 
(i) Phenols are highly acidic as compared to 
alcohols due to 
(a) the higher molecular mass of phenols 
(b) the stronger hydrogen bonds in phenols 
(c) alkoxide ion is a strong conjugate base 
(d) phenoxide ion is resonance stabilised. 
Ans. (d) phenoxide ion is resonance stabilised. 
(ii) The correct order of acidic strength among the 
following is: 
I. H,O 
OH 


m. © 


(a) (I) > (IV) > M> M 4H 
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Il. CH;CH,OH 
OH 


IV. 


(b) (IV) > (I) > (1) > (0) 

o (IV) > (II) > (ID > () 

d) (1) > (Il) > (IV) > (Il) 

Ans. (o (IV) > I) > (1) > (I) 


The gil of sa strength is, 


Q © > H,O > CH,CH,OH 


J (IIT) 0 (II) 
pK 9.2 10.2 14.0 15.9 


(iii) The correct e order of ci value is 


TTA 


(III) (Iv) 
aie (b) IV > Il > Ill >I 
(c) M>N>IV>I (d) IV > I> Il > Ill 
Ans. (a) I > IV >1> M 
Weaker acids have higher pK, 
e OCH3 at meta-position exerts only -I effect, hence 
increases the acidity. 
e I effects order: - NO, > -OCH; > - Cl. 
e CH; has +I effect. So, order is (a). 

(iv) The compound that does not liberate CO, on 
treatment with aqueous sodium bicarbonate 
solution is 
(a) benzoic acid 
(b) benzenesulphonic acid 
(c) salicylic acid 
(d) carbolic acid 
(c) carbolic acid 
Phenol (Carbolic acid) is a weaker acid than carbonic 
acid (H,CO3) and does not liberate CO, on treatment 
with aqueous sodium bicarbonate solution. 


Ans. 


(v) Most acidic amongst the following is 
OH 


(b) 


OH 
Ans. (c) © 


NO, exhibits both -I and -R influence to stabilise 
the corresponding phenoxide. In ortho derivative, 
intermolecular H-bonding lowers the acidity. 
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3. An organic compound (A) having molecular 
formula C6H6O gives a characteristic colour with 
aqueous FeCl; solution. (A) on treatment with 
CO, and NaOH at 400 K under pressure gives 
(B), which on acidification gives a compound (C). 
The compound (C) reacts with acetyl chloride to 
give (D) which is a popular pain killer. 

Answer the following questions by choosing the 
most appropriate options: 

(i) Compound (A) is 


(a) 2-hexanol (b) dimethyl ether 


(c) phenol (d) 2-methyl pentanol 
Ans. (c) phenol 
OH OH 
coon M0/H* 
(i) NaOH 
(it) CO, > 
Phenol Sodium salicylate 
(A) (B) 
OCOCH3, OH 
COOH 
COOH , CH;COCI 
i Q 
Aspirin Salicylic acid 


(2- Acetoxybenzoic acid) 


(ii) Compound (C) is 
(a) salicylic acid 
(c) benzoic acid 
Ans. (a) salicylic acid 
(iii) Number of carbon atoms in compound (D) is 


(b) salicyladehyde 
(d) benzaldehyde 


(a) 7 (b) 6 
(c) 8 (d) 9 
Ans. (d) 9 
OCOCH; 


H 
aie . It has 9 C-atoms. 


(iv) The conversion of compound (A) to (C) is 

known as 

(a) Reimer-Tiemann reaction 

(b) Kolbe’s reaction 

(c) Smarts reaction 

(d) Girgnard reaction 

(b) Kolbe’s reaction 

Sodium phenoxide when heated with CO, at 400 K 

under a pressure of 4-7 atm followed by acidification 

gives 2-hydroxybenzoic acid (salicylic acid) as the main 
product along with a small amount of 4-hydroxybenzoic 
acid. This reaction is called Kolbe’s reaction. 

(v) Compound (A) on heating with compound (C) 
in presence of POCI, gives a compound (D) 
which is used 
(a) in perfumery as a flavouring agent 
(b) as an antipyretic 
(c) as an analgesic 
(d) as an intestinal antiseptic 
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Ans. (d) as an intestinal antiseptic 
OH OH 


COOH 


i POCI; 
A 
aM © | 
Phenol Salicylic acid OH 
COOC,Hs 
(D) 


Phenyl salicylate 
(salol) 


Salol is used as an intestinal antiseptic. 
4. Reimer-Tiemann reaction introduces an aldehyde 
group, on aromatic ring of phenol, ortho to the 


hydroxyl group. This is a general method for 
the synthesis of substituted salicylaldehydes as 


depicted bleow. 
ONa 
CHO CHO 
aq. HCl 
CH3 


OH 
— > [Am 
Intermediate 
CH3 


Answer the following questions by choosing the 
most appropriate options: 
(i) The electrophilie in this reaction [A] is 


ONa 


CH, 


Alcohols, Phenols and Ethers 





(a) :CHCl (b) *CHCly 
(c) :CCl, (d) CCl; 
Ans. (c) :CCl, 
cl Cl 
l / 
H- C-C 98 y -c-c1 CF y scar, 
I -H,0 I 
Cl 
(ii) The structure of the intermediate [A] is 
ONa ONa 
CHCI CH,Cl, 
JO ©) 
CH; CH; 
— + - + 
ONa ONa 
CHCI, CHOH 
oN (d 
CH; CH3 


Ans. (b) In this arrangement, third layer is identical to 
the first layer. 


O- O -ONa* 
a Z IAH CHCI, 
or CCl, <—> 
Ctl, 
CH3 CH; CH3 
(A) 
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(iii) Reimer-Tiemann reaction is an example of 
(a) nucleophilic substitution reaction 
(b) electrophilic substitution reaction 
(c) nucleophilic addition reaction 
(d) electrophilic addition reaction 
Ans. (b) electrophilic substitution reaction 
(iv) Which of the following reagents is used in the 
given reaction in steps I? 
(a) aq. NaOH + CH,C1 (b) aq. NaOH + CH,Cl, 
(c) aq. NaOH + CHCl, (d) aq. NaOH + CCly 
Ans. (c) aq. NaOH + CHCl; 
(v) When phenol reacts with chloroform in presence 
of KOH, the product formed is 
(a) salicylic acid (b) salicyladehyde 
(c) both (a) and (b) (d) none of these 
(b) salicyladehyde 
It is known as Reimer-Tiemann reaction. 


OH 
OH 
CHCl, NaOH 
NaOH(aq) CX 
60°C CHCI, 
ONa OH 
CX . = CL 
—— 
CHO CHO 


Salicyladehyde 


Ans. 


wn 


ol 


. Dehydration of alcohols can lead to the formation 

of either alkenes or ethers. This dehydration 
can be carried out either with protonic acids 
such as conc. HSO, H3PO, or catalysts such 
as anhydrous ZnCl, or AlO}. When primary 
alcohols are heated with conc. HSO; at 433-443 
K, they undergo intramolecular dehydration to 
form alkenes. Secondary and tertiary alcohols 
undergo dehydration under milder conditions. 
The ease of dehydration of alcohols follows the 
order : 3° > 2° > 1°. 
The dehydration of alcohols always occurs in 
accordance with the Saytzeff’s rule. Primary 
alcohols when heated with protic acid at 413 K, 
give dialkyl either. 


conc. H2504 


CHCH OH —@3-43K °? CH, = CH, + H,O 


2CH,CH,OH — 24 CHCH, —O—CH,CH;+H,0 


Answer the following questions by choosing the 
most appropriate options: 

(i) Which one of the following alcohols undergoes 
acid-cataysed dehydration to alkenes most 
readily? 

(a) (CH3)2CHCH,OH 
(b) (CH3);COH 
(c) CH; CHOHCH, 
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(d) CH;CH,CH,0H 
Ans. (b) (CH3)3;COH 
The order of dehydration of alcohols is 3° > 2° > 1°. 


(ii) Dehydration of alcohol is an example of which 
type of reaction? 
(a) Substitution 
(c) Addition 
Ans. (b) Elimination 
The dehydration of alcohol is an example of elimination 
reaction. 


(b) Elimination 
(d) Rearrangement 


(iii) The alcohol which does not give a stable 
compound on dehydration is 
(a) ethyl alcohol (b) methyl alcohol 
(c) n-propyl alcohol (d) n-butyl alcohol 

Ans. (b) methyl alcohol 
Dehydration of CH3;0H will give methylene (a 
carbene) which is unstable. 


CHOH 2 .cH, 


(unstable) 


NEN. 
(iv) cone: EDSO, y products. 


The most stable product (s) is/are 


(a) ara ©) PTA 


(c) both (a) and (b) 


Ans. (a) AN ON 


+ H,O 


(d) none of these 
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+ 

OH. 

ANN conc. HSO, AN 
r 
<——. 


(More stable) 


OH 
(v) The product of the reaction es a, X, 
is 


CH; 
(0 CT a) 
CH; 
Ans. (c) Cy 
CH, 


S. 


1° carbocation 


OH 
H+- A 
To 
CH; 


©: 

H 
3° carbocation 
(More stable) 


CH; 


Cy 
-H+ 
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Multiple Choice Questions (MCQs) 
1. 


The sugar present in milk is 
(a) Sucrose (b) Maltose 


(c) Glucose (d) Lactose [Ans. (d) 


. a-D (+) glucose and B-D (+) - glucose are 


(a) Enantiomers 
(c) Anomers 


(b) Geometrical isomers 
(d) Epimers [Ans. (c) 


. Distinction between glucose and fructose can 


be done by 
(a) Benedict's solution (b) Tollen’s reagent 
(c) Selivanoff’s reagent (d) Fehling solution 


[Ans. (c) 
. Which does not show mutarotation? 
(a) Glucose (b) Maltose 
(c) Fructose (d) Sucrose [Ans. (d) 


. The reagent used for obtaining osazone 
derivative of fructose is 
(a) NHOH (b) NH2- NH, 
(c) NH,—NHC,H; (d) 2,4—DNP _ [Ans. (c) 


. Amylopectin is a polymer of 


(a) B-D-glucose 
(c) B-D-frutose 


(b) a-D-glucose 
(d) a-D-fructose [Ans. (b) 


. Hydrolysis of sucrose gives 


(a) Glucose only (b) Glucose + fructose 
(c) Glucose and galactose 


(d) Maltose [Ans. (b) 


. The disease resulting from the intake of amino 


acid deficient diet is 
(a) Kwasiorkar 
(c) PEM 


(b) Pernicicres anaemia 
(d) Haemophilio [Ans. (a) 


9. 


10. 


11. 


Chapter: Toutheen 


Biomolecules 





Keratin present in hair is an example of 


(a) Fibrous protein (b) Globular protein 
(c) Conjugated protein (d) Derived protein 
[Ans. (a) 
DNA and RNA differ in 
(a) Sugar (b) Purines 
(c) Pyrimidines (d) Both (a) and (c) 
[Ans. (d) 


The vitamin present in oils and fats are 
(a) A and D (b) B and C 
(c) A and B (d) A and C [Ans. (a) 


Assertion-Reason Question 
DIRECTION: Mark the option which is most suitable: 
(a) Assertion and Reason both are correct statements 


and Reason is correct explanation for Assertion. 


(b) Assertion and Reason both are correct statements 


but Reason is not correct explanation for 
Assertion. 


(c) Assertion is correct statement but reason is false 


statement. 


(d) Assertion is false statement but reason is correct 


1. 


Ans. 


c-32 
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statement. 


Assertion: Glucose and fructose are reducing 
sugars. 

Reason: Glucose and fructose contain a free 
aldehydic and ketonic group adjacent to 
a > CHOH group respectively. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 
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Ans. 


Ans. 


Ans. 


Ans. 


Reducing sugars contain a free aldehydic or ketonic 
group adjacent to a > CHOH group and reduce 
Tollen’s reagent, Schiffs reagent or Benedict's solution. 


. Assertion: Fructose reduces Fehling’s solution 


and Tollens’ reagent. 

Reason: Fructose does not contain any aldehyde 
group. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for assertion. 

Fructose on warming with dilute alkali, gives rise to an 
equilibrium mixture of glucose, fructose and mannose. 
The ability of fructose to reduce Fehling solution and 
Tollens’ reagent is probably due to the isomerisation 
of fructose to glucose and mannose (i.e, called Lobry 
de Bruyn and Elkenstein rearrangement.) 


. Assertion: a-Amino acids exits as dipolar ions or 


zwitter ions. 

Reason: o-Amino acids are the building blocks of 
proteins. 

(b) Assertion and Reason both are correct 
statements but reason is not correct explanation 
for Assertion. 


. Assertion: Glucose when treated with CH,0H 


in presence of dry HCl gas gives a-and B-methyl 
glucosides. 

Reason: Glucose reacts with phenyl hydrazine to 
form crystalline osazone. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 

Because of the ring structure Cı in glucose 
becomes chiral and hence glucose exists in two 
stereoisomeric forms, i.e., a- and B-, corresponding 
to each stereoisomeric form, glucose forms two methyl 
glucosides, i.e., a- and B-methyl glucosides. 


. Assertion: DNA undergoes replication. 


Reason: DNA contains cytosine and thymine as 
pyrimidine bases. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for assertion. 

The genetic information of the cell is contained in the 
sequence of base A, T, G and C in DNA molecule 
when a cell divides, DNA molecules replicate and 
make exact copies of themselves so that each daughter 
cell will have DNA identical to that of the parent cell. 


. Assertion: Glycine exists as Zwitter ion but o- 


and p-aminobenzoic acids do not. 

Reason: Due to the presence of -NH, and -COOH 
group within the same molecule, they neutralise 
each other and hence, a-amino acids exist as 
dipolar ions or zwitter ions. 
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Ans. 


T: 


Ans. 


Ans. 


Ans. 


10. 


Ans. 
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(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for assertion. 

In o- or p-aminobenzoic acids, the lone pair of electrons 
on the -NH, group is donated towards the benzene 
ring. As a result, the basic character of -NH> group 
and acidic character of -COOH group decreases. 
Therefore, the weakly acidic -COOH group cannot 
transfer H* ion to the weakly basic -NH, group 
therefore o and p-aminobenzoic acids do not exist as 
Zwitter ion. 


Assertion: Haemoglobin is a globular protein. 
Reason: Globular proteins are insoluble in water. 
(c) Assertion is correct statement but reason is 
false statement. 

Globular proteins have weak intermolecular forces of 
attraction and hence they are soluble in water. 


. Assertion: B-pleated sheet structure of protein 


shows maximum extension. 

Reason: Intermolecular hydrogen bonding is 
present in them. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for assertion. 

In B-pleated sheet structure, the polypeptide chains are 
held together by intermolecular H-bonds. Extension 
and contraction of B-pleated sheet structure of protein 
depends on the size of R. 


. Assertion: Alpha (a) amino acids exist as internal 


salt in solution as they have amino and carboxylic 
acid groups in near vicinity. 

Reason: Ht ion given by carboxylic group (COOH) 
is captured by amino group (-NH)) having lone 
pair of electrons. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

NH,—CH,—COOH is a typical a-amino acid. 

In solution it exists as, internal salt or zwitter ion, 

( NH;—CH,—COO-) because the proton (H*) of 
— COOH group is captured by NH, group as NH, 
has a lone pair of electrons on N atom. 

Assertion: Uracil occurs in DNA. 

Reason: DNA undergoes replication. 

(d) Assertion is false statement but reason is 
correct statement. 

Uracil occurs in RNA. 


Case Based Questions 
i. 


Pentose and hexose undergo intramolecular 
hemiacetal or hemiketal formation due to 
combination of the -OH group with the carbonyl 
group. The actual structure is either of five or 
six membered ring containing an oxygen atom. 
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In the free state all pentoses and hexoses exits 
in pyranose form (resembling pyran). However, 
in the combined state some of them exits as five 
membered cyclic structures, called furanose 


(resembing furan). 


OG 


O 
Pyran Furan 
The cyclic structure of glucose is represented by 


Haworth structure: 


6 6 
CH,OH CH,OH 
5 5 
H OH H O H 
H H 
4 1ja 4 1/8 
OH H OH H 
HO OH HO H 
3 2 3 2 
H OH 


H OH 
a-D-(+)-Glucopyranose B-D-(+)-Glucopyranose 


a and B-D-glucose have different configuration 
at anomeric (C-1) carbon atom, hence are called 
anomers and the C-1 carbon atom is called 
anomeric carbon (glycosidic carbon). 

The six membered cyclic structure of glucose is 
called pyranose structure. 

Answer the following MCQs by choosing the 
most appropriate options: 

(i) a-D(+)-glucose and B-D(+)-glucose are 
(a) enantiomers (b) conformers 
(c) epimers (d) anomers 


Ans. (d) anomers 
a-D(+)-glucose and B-D(+)-glucose differ in confi- 
guration at C4 (i.e, anomeric or glycosidic carbon) 
and hence are called anomers. 

H -!C— H 


H —!1C— OH 
H —2C— OH 
O 





H —2C— OH 











HO cH Î and poc- H 
H —4C— OH H —4C— OH 
H —5C H —5C 

6CH,OH 6CH,OH 


B-D(+)-glucose 


a-D(+)-glucose 


(ii) The following carbohydrate is 
OH 





(a) a ketohexose (b) an aldohexose 
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(c) an a-furanose (d) an a-pyranose. 


Ans. (b) an aldohexose 
This structure is an example of pyranose and 
aldohexose. Here, the carbohydrate’s structure is of the 
B-pyranose form. 
(iii) In the following structure, anomeric carbon is 


HOH,C 
O 
OH 
4 1 
OH 
HO 2 
3 
OH 
(a) C-1 (b) C-2 
(c) C-3 (d) C-4 
Ans. (a) C-1 


(iv) The term anomers of glucose refers to 
(a) isomers of glucose that differ in configurations 
at carbons one and four (C-1 and C-4) 
(b) a mixture of (D)-glucose and (L)-glucose 
(c) enantiomers of glucose 
(d) isomers of glucose that differ in configuration 
at carbon one (C-1). 
Ans. (d) isomers of glucose that differ in configuration 
at carbon one (C-1). 
Anomers are cyclic monosaccharides or glycosides 
that are epimers, differing from each other in the 
configuration at C-1, if they are aldoses or in the 
configuration at C-2 they are ketoses. 
(v) What percentage of B-D-(+) glucopyranose is 
found at equilibrium in the aqueous solution? 
(a) 50% (b) ~ 100% 
(c) 36% (d) 64% 
Ans. (d) 64% 
Ordinary glucose is a-glucose, with a fresh aqueous 
solution having specific rotation, [a]p = +111°. On 
keeping the solution for sometime, a-glucose slowly 
changes into an equilibrium mixture of a-glucose 
(36%) and B-glucose (64%) and the mixture has 
specific rotation + 52.5°. 

2. Carbohydrates can exist in either of two 
conformations, as determined by the orientation 
of the hydroxyl group about the asymmetric 
carbon farthest from the carbonyl. 

CHO 


HO 


"O 









HB co n H 








CH,OH 
L-Glyceraldehyde 


CHOH 
D-Glyceraldehyde 
(Structure of glyceraldehyde enantiomers) 


By convention, a monosaccharide is said to have 
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D-configuration if the hydroxyl group attached 
to the asymmetric carbon atom adjacent to 
the -CH,OH group is on the right hand side 
irrespective of the positions of the other hydroxyl 
groups. On the other hand, the molecule is 
assigned L-configuration if the -OH group 
attached to the carbon adjacent to the -CH,OH 
group is on the left side. 


Answer the following MCQs by choosing the 
most appropriate options: 
(i) D-Glyceraldehyde and L-Glyceraldehyde are 
(a) epimers (b) enantiomers 
(c) anomers 
(d) conformational diasteriomers 
Ans. (b) enantiomers 


(ii) Which of the following monosaccharides, is the 
majority found in the human body? 
(a) D-type (b) L-type 
(c) Both of these (d) None of these 
Ans. (a) D-type 
(iii) The two functional groups present in a typical 
carbohydrate are 
(a) -OH and -COOH (b) -CHO and -COOH 
(c) >C =O and -OH _ (d) -OH and -CHO 
Ans. (c) >C = O and -OH 
Carbohydrates are essentially polyhydroxy aldehydes 
and polyhdroxy ketones. Thus, the two functional 
groups present in typical carbohydrate are >C = O 
(aldehyde or ketone) and -OH. 


(iv) Monosaccharides contain 
(a) always six carbon atoms 
(b) always five carbon atoms 
(c) always four carbon atoms 
(d) may contain 3 to 7 carbon atoms 

Ans. (d) may contain 3 to 7 carbon atoms 

(v) The correct corresponding order of names of 
four aldoses with configuration given below 
respectively, is 


CHO CHO 
H OH HO H 
H OH H OH 
CH,OH CH,OH 
CHO CHO 
HO H H OH 
HO H HO H 
CH,OH CH,OH 
(a) L-erythrose, L-threose, L-erythrose, D-threose 
(b) D-threose, D-erythrose, L-threose, D-erythrose 


(c) L-erythrose, L-threose, D-erythrose, D-threose 
(d) D-erythrose, D-threose, L-erythrose, D-threose 
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Ans. (b) D-erythrose, D-threose, L-erythrose, D-threose 








CHO CHO 
H OH OH H 
H OH H OH 
CH,OH CH,OH 
D-erythrose D-threose 
CHO CHO 
HO—,—_H H— HO 
HO——H HO———-H 
CHOH CH,OH 
L-erythrose L-threose 


3. Carbohydrates are polyhydroxy aldehydes 
and ketones and those compounds which 
on hydrolysis give such compounds are also 
carbohydrates. The carbohydrates which are 
not hydrolysed are called monosaccharides. 
Monosaccharides with aldehydic group are called 
aldose and those which free ketonic groups are 
called ketose. Carbohydrates are optically active. 
Number of optical isomers = 2” 

.. [where n = number of asymmetric carbons 
Carbohydrates are mainly synthesised by plants 
during photosynthesis. The monosaccharides 
give the characteristic reactions of alcohols and 
carbonyl group (aldenydes and ketones). It has 
been found that these monosaccharides exist in 
the form of cyclic structures. In cyclization the 
-OH groups (generally C; or C4 in aldohexoses 
and C; or C, in ketohexoses) combine with 
the aldehyde or keto group. As a result, cyclic 
structure of five or six membered rings containing 
one oxygen atom are formed, e.g., glucose forms 
a ring structure. Glucose contains one aldehyde 
group, one 1° alcholic group and four 2° alcoholic 
group in its open chain structure. 


Answer the following MCQs by choosing the 
most appropriate options: 


GCASVdA AJNIJLIAAGWNO’ 


(i) In 
CHO 
| 
H-— C-— OH 
| 
HO- C-H 
| 
H -— C-— OH 
| 
H -— C — OH 
| 
CH,OH, 
the number of optical isomers will be 
(a) 16 (b) 8 
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(c) 32 
Ans. (a) 16 
(ii) First member of ketos sugar is 
(a) ketotriose (b) ketotetrose 
(c) ketopentose (d) ketohexose 
Ans. (a) ketotriose 


(d) 4 


(iii) Some statements are given below: 
I. Glucose is aldohexose. 
II. Naturally occurring glucose is dextrorotatory. 
III. Glucose contains three chiral centres. 
IV. Glucose contains one 1° alcoholic group and 
four 2° alcoholic groups. 
Among the above, correct statements are 
(a) I and II only (b) III and IV only 
(c) | Il and IV only (d) I, IL, IMI and IV 
Ans. (c) I, II and IV only 
Glucose contains four chiral centres. 


(iv) Two hexoses form the same osazone, find the 
correct statement about these hexoses. 
(a) Both of them must be aldoses. 
(b) They are epimers at C-3 
(c) The carbon atoms 1 and 2 in both have the 
same configuration. 
(d) The carbon atoms 3, 4 and 5 in both have the 
same configuration. 
(d) The carbon atoms 3, 4 and 5 in both have the 
same configuration. 
In the formation of osazone, C-1 and C-2 react with 
phenylhdrazine to form phenylhdrazone. If C-3, C-4, 
C-5 have same configuration they will form same 
osazone even if they differ in configuration at C-1 or 
C-2. 
(v) Which of the following reactions of glucose can 
be explained only by its cyclic structure? 
(a) Glucose forms cyanohydrin with HCN. 
(b) Glucose reacts with hydroxylamine to form 


Ans. 


an oxime. 

(c) Pentacetate of glucose does not react with 
hydroxylamine. 

(d) Glucose is oxidised by nitric acid to gluconic 
acid. 

Ans. (c) Pentacetate of glucose does not react with 

hydroxylamine. 

Pentacetate of glucose does not react with 


hydroxylamine showing absence of free -CHO group. 
This cannot be explained by open structure of glucose. 


4. When a protein in its native form, is subjected 
to physical changes like change in temperature 
or chemical changes like change in pH, the 
hydrogen bonds are disturbed. Due to this, 
globules unfold and helix get uncoiled and 
protein loses its biological activity. This is called 
denaturation of protein. The denaturation causes 


Q 
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changed in secondary and tertiary structures but 
primary structures remains intact. Examples of 
denaturation of protein are coagulation of egg 
white on boiling, curdling of milk, formation of 
cheese when an acid is added to milk. 


Answer the following MCQs by choosing the 
most appropriate options: 
(i) Mark the wrong statement about denaturation 
of proteins. 
(a) The primary structure of the protein does not 
change. 
(b) Globular proteins are converted into fibrous 
proteins. 
(c) Fibrous proteins are converted into globular 
proteins. 
(d) The biological activity of the protein is 
destroyed. 
Ans. (c) Fibrous proteins are converted into globular 
proteins. 


(ii) Which structure (s) of proteins remain(s) intact 
during denaturation process? 
(a) Both secondary and tertiary structure 
(b) Primary structure only 
(c) Secondary structure only 
(d) Tertiary structure only 
Ans. (b) Primary structure only 


(iii) a-helix and -pleated structures of proteins are 
classified as 
(a) primary structure (b) secondary structure 
(c) tertiary structure (d) quaternary structure 
Ans. (b) secondary structure 


(iv) Cheese is a 
(a) globular protein 
(b) conjugated protein 
(c) denatured protein 
(d) derived protein 
Ans. (c) denatured protein 


(v) Secondary structured of protein refers to 
(a) mainly denatured proteins and structure of 
prosthetic groups. 
(b) three-dimensional structure, especially the 
bond between amino acid residues that are 
distant from each other in the polypeptide 


chain. 
(c) linear sequence of amino acid residues in the 
polypeptide chain. 
(d) regular folding patterns of continuous 
portions of the polypeptide chain. 
Ans. (d) regular folding patterns of continuous 


portions of the polypeptide chain. 


5. When a solution of an a-amino acid is placed 
in an electric field depending on the pH of the 
medium, following three cases may happen. 
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(i) 


Ans. 


(ii) 


Ans. 


Q 


+ + 
H,NCHRCOO- zt > H3NCHRCOO- 
I OH" I 
e [fo 

+ 
H;NCHRCOOH 


Il 


In alkaline solution, a-amino acids exits as anion 
II, and there is a net migration of amino acid to- 
wards the anode. 
In acidic solution, a-amino acids exist as cation 
III, and there is a net migration of amino acids 
towards the cathode. 
If II and II are exactly balanced there is no 
net migration; under such conditions any one 
molecule exists as a positive ion and as a negative 
ion for exactly the same amount of time, and any 
small movement in the direction of one electrode 
is subsequently cancelled by an equal movement 
back toward the other electrode. The pH of the 
solution in which a particular amino acid does 
not migrate under the influence of an electric 
field is called the isoelectric point of that amino 
acid. 
Answer the following MCQs by choosing the 
most appropriate options: 
+ 


+ 
H3N NH, 
Z ba 


COOH 
x 
Arrange in order of increasing acid strengths. 
(a) X> Z>Y (bl) Z<X<Y 
() X>Y>Z (d) Z>X>Y 
(a) X>Z>Y 4 


Carboxylic acids are stronger acids than-NH3, 
therefore X is the strongest acid. Since — COOH has 
-I effect which decreases with distance therefore, effect 
is more pronounced on Z than on Y. As a result 
Z is more acidic than Y, therefore overall order of 
increasing acid strength is X > Z > Y. 


In aqueous solutions, amino acids mostly exist 
as 

(a) NH, — CHR — COOH 

(b) NH3 — CHR — COO- 


(c) NH;CHRCOOH 
+ 
(d) H;NCHRCOO- 


+ 
(d) H3NCHRCOO- 
In aqueous solutions, amino acid mostly exits as 
zwitter ion or dipolar ion. 
R 
+ | 
NH; — CH— COO- 


Zwitter ion 
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(iii) Amino acids are least soluble 


Ans. 


(a) at pH 1 

(b) at pH 7 

(c) at their isoelectric points 

(d) none of these 

(c) at their isoelectric points 

Amino acids are least soluble at their isoelectric points. 
At a specific pH, called isoelectric point, the positive 
and negative charges balance each other and the net 
charged becomes zero. If there is a charge, amino acid 
prefers to interact with water, rather than other amino 
acid molecules, this charge makes it more soluble. 


(iv) The pK, and pK, of an amino acids are 2.3 


Ans. 


and 9.7 respectively. The isoelectric points of 
the acids is 


(a) 12.0 (b) 7.4 
(c) 6.0 (d) 3.7 
(c) 6.0 

3+9.7 





; . 2. 
Isoelectric point = 5° 


(v) A tripeptide (X) on partial hydrolysis gave two 


Ans. 


dipeptides Cys-Gly and Glu-Cys. Identify the 
tripeptide. 

(a) Glu-Cys-Gly 
(c) Cys-Gly-Glu 
(a) Glu-Cys-Gly 
Since the tripeptide on hydrolysis gave two dipeptides 
Glu-Cys and Cys-Gly, hence, cysteine must be in 
between glutamic acid and glycine as given below : 

CH,CH,COOH 


(b) Gly-Glu-Cys 
(d) Cys-Glu-Gly 


+ 
NH3CH—C—NHCH—CNHCH,CO- 


O HSCH, O 
Glu-Cys-Gly 


. Adenosine triphosphate (ATP) is the energy- 


carrying molecule found in the cells of all living 
things. ATP captures chemical energy obtained 
from the breakdown of food molecules and 
releases it to fuel other cellular processes. ATP is 
a nucleotide that consists of three main structures: 
the nitrogenous base, adenine; the sugar, ribose; 
and a chain of three phosphate groups bound to 
ribose. The phosphate tail of ATP is the actual 
power source which the cell taps. Available 
energy is contained in the bonds between the 
phosphates and is released when they are broken, 
which occurs through the addition of a water 
molecule (a process called hydrolysis). Usually 
only the outer phosphate is removed from ATP to 
yield energy; when this occurs ATP is converted 
to adenosine diphosphate (ADP), the form of the 
nucleotide having only two phosphates. 

The importance of ATP (adenosine triphosphate) 
as the main source of chemical energy in 
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living matter and its involvement in cellular 
processes has long been recognized. The primary 
mechanism whereby higher organisms, including 
humans, generate ATP is through mitochondrial 
oxidative phosphorylation. For the majority of 
organs, the main metabolic fuel is glucose, which 
in the presence of oxygen undergoes complete 
combustion to CO, and H,O: 

C6H1206 t 60> => 605 + 6H,O + energy 
The free energy (AG) liberated in this exergonic 
(AG is negative) reaction is partially trapped as 
ATP in two consecutive processes: glycolysis 
(cytosol) and oxidative phosphorylation (mito- 
chondria). The first produces 2 mol of ATP per 
mol of glucose, and the second 36 mol of ATP per 
mol of glucose. Thus, oxidative phosphorylation 
yields 17-18 times as much useful energy in the 
form of ATP as can be obtained from the same 
amount of glucose by glycolysis alone 
The efficiency of glucose metabolism is the 
ratio of amount of energy produced when 
1 mol of glucose oxidised in cell to the enthalpy 
of combustion of glucose. The energy lost in 
the process is in the form of heat. This heat is 
responsible for keeping us warm. 
(Source: Erecinska, M., & Silver, I. A. (1989). ATP 
and Brain Function. Journal of Cerebral Blood Flow 
& Metabolism, 9(1), 2-19. https://doi.org/10.1038/ 
jebfm.1989.2 and https://www.britannica.com/science/ 
adenosine-triphosphate). 
Answer the following MCQs by choosing the 
most appropriate options: 


(i) Cellular oxidation of glucose is a: 


(a) spontaneous and endothermic process 

(b) non-spontaneous and exothermic process 
(c) non-spontaneous and endothermic process 
(d) spontaneous and exothermic process 


Ans. (d) spontaneous and exothermic process 
(ii) What is the efficiency of glucose metabolism if 


1 mole of glucose gives 38 ATP energy?(Given: 
The enthalpy of combustion of glucose is 
686 kcal, LATP= 7.3 kcal) 

(a) 100% (b) 38% 

(c) 62% (d) 80% 


Ans. (b) 38% 


Glucose catabolism yields a TOTAL of 38 ATP. 
38 ATP x 7.3 kcal/mol. 

ATP = 262 kcal. Glucose has 686 kcal. 

<. Efficiency of glucose metabolism 


262 
= 696 * 100 = 38%. 


(iii) Which of the following statement is true? 


(a) ATP is a nucleoside made up of nitrogenous 
base adenine and ribose sugar. 
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Ans. 


(b) ATP consists the nitrogenous base, adenine 
and the sugar, deoxyribose. 

(c) ATP is a nucleotide which contains a chain 
of three phosphate groups bound to ribose 
sugar. 

(d) The nitrogenous base of ATP is the actual 
power source. 

(c) ATP is a nucleotide which contains a chain 
of three phosphate groups bound to ribose 
sugar. 


(iv) Nearly 95% of the energy released during 


Ans. 


cellular respiration is due to: 

(a) glycolysis occurring in cytosol. 

(b) oxidative phosphorylation occurring in cytosol. 

(c) glycolysis in occurring mitochondria. 

(d) oxidative phosphorylation occurring in 
mitochondria. 

(d) oxidative phosphorylation occurring in cytosol. 


(v) Which of the following statements is correct: 


Ans. 


(a) ATP is a nucleotide which has three 
phosphate groups while ADP is a nucleoside 
which three phosphate groups. 

(b) ADP contains a nitrogenous bases adenine, 
ribose sugar and two phosphate groups 
bound to ribose. 

(c) ADP is the main source of chemical energy in 
living matter. 

(d) ATP and ADP are nucleosides which differ in 
number of phosphate groups. 

(b) ADP contains a nitrogenous bases adenine, 
ribose sugar and two phosphate groups 
bound to ribose. 


. Polysaccharides may be very large molecules. 


Starch, glycogen, cellulose, and chitin are 
examples of polysaccharides. 

Starch is the stored form of sugars in plants 
and is made up of amylose and amylopectin 
(both polymers of glucose). Amylose is soluble 
in water and can be hydrolyzed into glucose 
units breaking glycocidic bonds, by the enzymes 
a- amylase and f-amylase. It is straight chain 
polymer. Amylopectin is a branched chain 
polymer of several D-glucose molecules. 80% of 
amylopectin is present in starch. Plants are able 
to synthesize glucose, and the excess glucose is 
stored as starch in different plant parts, including 
roots and seeds. The starch that is consumed by 
animals is broken down into smaller molecules, 
such as glucose. The cells can then absorb the 
glucose. 

Glycogen is the storage form of glucose in 
humans and other vertebrates, and is made up 
of monomers of glucose. It is structurally quite 
similar to amylopectin. Glycogen is the animal 


WW.JEEBOOKS.IN 


equivalent of starch. It is stored in liver and 
skeletal muscles. 

Cellulose is one of the most abundant natural 
biopolymers. The cell walls of plants are mostly 
made of cellulose, which provides structural 
support to the cell. Wood and paper are mostly 
cellulosic in nature. 

Like amylose, cellulose is a linear polymer 
of glucose. Cellulose is made up of glucose 
monomers that are linked by bonds between 
particular carbon atoms in the glucose molecule. 
Every other glucose monomer in cellulose is 
flipped over and packed tightly as extended long 
chains. This gives cellulose its rigidity and high 
tensile strength—which is so important to plant 
cells. Cellulose passing through our digestive 
system is called dietary fiber. 

(Source: https://chem.libretexts.org) 


Answer the following MCQs by choosing the 
most appropriate options: 
(i) In animals, Glycogen is stored in: 
(a) Liver (b) Spleen 
(c) Lungs (d) Small Intestine 
Ans. (a) Liver 
(ii) Amylose is: 
(a) straight chain, water insoluble component of 
starch, which constitutes 20 % of it . 
(b) straight chain, water soluble component of 
starch, which constitutes 20 % of it. 
(c) branched chain, water insoluble component 
of starch, which constitutes 80 % of it. 
(d) branched chain, water soluble component of 
starch, which constitutes 80 % of it . 
Ans. (b) straight chain, water soluble component of 
starch, which constitutes 20 % of it. 


(iii) Which biopolymer breaks down to release 
poly 
glucose, whenever glucose levels drop in Our 


body: 
(a) starch (b) cellulose 
(c) chitin (d) glycogen 


Ans. (d) glycogen 


(iv) The linkages which join monosaccharides to 
form long chain polysaccharides: 
(a) Peptide linkage (b) Disulphide bonds 
(c) Hydrogen bonds (d) Glycosidic linkage 
Ans. (d) Glycosidic linkage 


(v) Cellulose on complete hydrolysis yields: 
(a) amylose (b) amylopectin 
(c) glucose 
(d) amylose and amylopectin 
Ans. (c) glucose 


8. EVIDENCE FOR THE FIBROUS NATURE OF 
DNA. The basic chemical formula of DNA is now 
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well established. As shown in Figure 1 it consists 
of a very long chain, the backbone of which is 
made up of alternate sugar and phosphate groups, 
joined together in regular 3' 5' phosphate di-ester 
linkages. To each sugar is attached a nitrogenous 
base, only four different kinds of which are 
commonly found in DNA. Two of these— 
adenine and guanine — are purines, and the other 
two thymine and cytosine—are pyrimidines. A 
fifth base, 5-methyl cytosine, occurs in smaller 
amounts in certain organisms, and a sixth, 
5-hydroxy-methyl-cytosine, is found instead of 
cytosine in the T even phages. It should be noted 
that the chain is unbranched, a consequence of 
the regular internucleotide linkage. On the other 
hand the sequence of the different nucleotides 
is, as far as can be ascertained, completely 
irregular. Thus, DNA has some features which 
are regular, and some which are irregular. A 
similar conception of the DNA molecule as a 
long thin fiber is obtained from physicochemical 
analysis involving sedimentation, diffusion, 
light scattering, and viscosity measurements. 
These techniques indicate that DNA is a very 
asymmetrical structure approximately 20 A 
wide and many thousands of angstroms long. 
Estimates of its molecular weight currently 
center between 5 x 10° and 107 (approximately 
3 x 104 nucleotides). Surprisingly each of these 
measurements tend to suggest that the DNA is 
relatively rigid, a puzzling finding in view of the 
large number of single bonds (5 per nucleotide) 
in the phosphate-sugar back bone. Recently 
these indirect inferences have been confirmed by 
electron microscopy. 


DNA 
BASE™ SUGAN 
PHOSPHATE 
BASE SUGAR. 
z PHOSPHATE 
BASE — SUGARS 
_7 PHOSPHATE 
BASE T SUGARS 
s PHOSPHATE 
BASE~ SUGAR S 
PHOSPHATE 


Chemical formula (diagrammatic) of a single chain of 
desoxyribonucleic acid. 

(Source: Watson, J. D, & Crick, F. H. (1953, 
January). The structure of DNA. In Cold Spring 
Harbor symposia on quantitative biology (Vol. 18, pp. 
123-131). Cold Spring Harbor Laboratory Press.) 
Answer the following MCQs by choosing the 
most appropriate options: 


(i) Purines present in DNA are: 


(a) adenine and thymine 
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(b) guanine and thymine (iii) DNA has a backbone. 
(c) cytosine and thymine (a) phosphate -purine (b) pyrimidines- sugar 
(d) adenine and guanine (c) phosphate- sugar (d) purine- pyrimidine 

Ans. (d) adenine and guanine Ans. (c) phosphate- sugar 

(ii) DNA molecule has ................. internucleotide (iv) Out of the four different kinds of nitrogenous 

linkage and ...........0008 sequence of the different bases which are commonly found in DNA, 
nucleotides, sss aaatatetee eee has been replaced in some organisms. 
(a) regular, regular (b) regular, irregular (a) adenine (b) guanine 
(c) irregular, regular (d) irregular, irregular (c) cytosine (d) thymine 

Ans. (b) regular, irregular Ans. (c) cytosine 
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SOLID STATE 


QUICK REVIEW OF THE CHAPTER 








. The solid state represents the state of matter in which the constituent molecules, atoms or ions have no translatory motion 
and their melting point (M.P.) is above room temperature. 

. Solids have definite shape, volume, high density, low compressibility, high rigidity and constituent particles are held together 
by strong forces of attraction. 

. Solids are classified into two types: Crystalline and Amorphous solids. 

. Crystalline solid particles are arranged in a regular fashion, have sharp melting point, definite geometrical shapes, true solids 
give a clean cleavage and are Anisotropic i.e. properties like refractive index, electrical conductance, thermal expansion, etc. 
are not identical in all directions. E.g. Quartz. 

. Amorphous solids neither have ordered arrangement nor have sharp melting point, have irregular shapes, supercooled 
liquids and isotropic. E.g. Silica. 

. Based upon the interaction between constituent particles and binding forces, the crystalline solids are of four types i.e. ionic, 
molecular, covalent and metallic solids. 

. The three dimensional arrangement of constituents or points in a crystalline solid is known as crystal lattice or space lattice. 

. The smallest structure with which the crystalline solid is made by its repetition in three dimensions is called as unit cell. 

. There are 4 types of unit cells, 7 crystal systems and 14 bravais lattices. 

. The four unit cells are Simple unit cell, Face-centred, Body centered and End-centered. 


. Contribution by a particle at the corner of a unit cell = = 


Contribution by a particle at the face of a unit cell = > 
Contribution by a particle within the body of a unit cell = 1 


Contribution by a particle at the edge of a unit cell = A 
. Number of atoms in a simple cubic unit cell = A x8=1 


Number of atoms in bcc = > x8+1=2 


Number of atoms in fcc = A x8+ x 6 =4 


. The seven crystal systems are: 





System Axial distances Axial angles Examples 


e Cubic a=b=c a=—8 =y=90° KCl, NaCl, ZnS, CaF, 

e Tetragonal a=b#c a=f8 =y=90° TiO,, SnO,, ZnO, 

e Orthorhombic a#b#c =B=y=90° Rhombic Sulphur, KNO,, BaSO, 

e Monoclinic a#beFc œ = y= 90°, B 90° | Na,SO,.10H,O, Monoclinic Sulphur 
e Hexagonal a=b#c a = P = 90°, y= 120° | Graphite, ZnO, CdS 

e Rhombohedral (Trigonal) a=b=c o = y = 90° = B + 90° | Calcite, NaNO,, quartz H,O 

e Triclinic a#b#c a + B 4y#90° CuSO, 5H,0, K,Cr,0, 


. The number of nearest neighbour points surrounding a central particle is called its coordination number. 
. The 3 dimensional close packing may be hexagonal close packing (hcp) and cubic close packing (ccp). 
. The percentage of the total space occupied by the particles is called packing efficiency. 

















Volume occupied by total spheres 
Volume of unit cell 


x 100 





Packing efficiency = 
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4-3 

nr 

3 x 100 = 52.4% 
8r3 


. Packing efficiency in simple cubic unit cell = 


83 


3 
64r3 1 3¥3 
16nr3 /3 
32r” / y¥2 
. Both hexagonal close packing (hcp) and cubic close packing (ccp) have equal effeciency i.e. 74% 
. The space which is left in between the closest packed arrangement is known as interstitial void, hole or interstitial sites. 
. Two important interstitial voids are Tetrahedral void and Octahedral void. 
. A tetrahedral void is formed when spheres are tetrahedrally arranged in space while octahedral void is formed by their 
octahedral arrangement. 
. Number of octahedral voids = N (one octahedral void per sphere) 
Number of tetrahedral voids = 2N (two tetrahedral voids per sphere) 
where N = No. of spheres (atoms or ions) 
. Radius ratio — The ratio of the radius of the cation to that of the anion. 
. For tetrahedral void radius ratio = 0.225 
For octahedral void radius ratio = 0.414 
. Relationship between Radius ratio and Coordination no. 


Structural 
arrangement 


Packing efficiency in bcc = x 100 = 68% 


Packing efficiency in fcc = x 100 = 74% 


Coordination 
number 


1 12 


Limiting ratio r*/r Example 





Close packing (ccp/hcp) Metals 





1 - 0.732 
0.732 — 0.414 
0.414 - 0.225 
0.225 — 0.155 





8 
6 
4 
3 


Cubic corners 
Octahedral 
Tetrahedral 
Triangular 








CsCl 
NaCl 
ZnS 
Boron oxide 








. Relationships between the nearest neighbour distance (d) and the edge (a) of a unit cell of a cubic crystal. 


d= 
d= 


e Simple cubic 
e fcc or 0.707 a 
e bcc d= 3 a or 0.866a 


. Relationship between the atomic radius, r(d/2) and the edge (a) of the unit cell of a cubic crystal. 
e Simple r= %, 
a 


22 
r= B qe 0.433 a 


28. (i) The density of the unit cell for an element is: 
ZxM 
e P 3 nnn 
a x No X 10780 


e fcc r= = 0.3535 a 


e bcc 


e In S.I units ZxM 
a` x No 
Where, Z = No. of particles present per unit cell (1 for simple, 2 for bcc & 4 for fcc) 
M Atomic mass of the element and molecular mass in SI unit i.e. kg mol! 
a edge of the unit cell in pm 
N, Avogadro no. 
Density of the crystal in g/cm? (when M is in g mol?) 
(ii) for ionic compounds 
Z = No. of formula units in one unit cell E.g. 4 for NaCl and ZnS, 1 for CsCl 
29. ¢ For bcc structure of an element (like alkali metals), Z = 2 
e For bcc structure of ionic compounds (like CsCl), Z = 1 
30. Any deviation from the perfectly ordered arrangement constitutes a defect or imperfection. 
31. Point defect — It is the deviation or irregularities from the ideal arrangement around a point or an atom in a crystalline 
substance. 


p= 


Point defects 
(B) Impurity defects 
1. In ionic solids 
2. In covalent solids 


(C) Non-Stoichiometric defects 
1. Metal excess defect 


a 


(i) By anion vacancy (ii) By extra cation 


2. Metal deficiency defect 


(A) Stoichiometric defects 
1. Vacancy defect 
2. Interstitial defects 
3. Schottky defect 


4. Frenkel defect (i) e rich impurities 


(n-type semiconductors) 


(ii) e` deficient impurities 
(p-type semiconductors) 
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Chapter 1 : SOLID STATE 3 


. Stoichiometric defects— Ratio between cation and anion remains the same as represented by the molecular formula. 
. Vacancy defect— Some of the lattice sites are vacant in crystal lattice due to which its density decreases. 
. Interstitial defect— Some extra particles occupy interstitial sites in crystal lattice due to which its density increases. 


. Schottky defect Equal number of cations and anions are missing from their lattice sites so that the electrical neutrality is 
maintained. The formation of holes decrease density of the crystal and increases its conductivity E.g. ionic compounds with 
high coordination number i.e. NaCl, KCl, CsCl, etc. 

. Frenkel defects Cations leave their actual lattice sites and occupy interstitial space in the crystal so it seems to be a 
combination of vacancy and interstitial defect. Here density remains the same E.g. Ionic compounds with low coordination 
number E.g. AgCl, AgBr, etc. 

. Non-stoichiometric defect— Ratio of the cations to the anions becomes different. 

. Metal excess defect due to anion vacancies creates F-centres where the electrons are trapped in the holes created by anion 
vacancy and these centres are responsible for imparting colour to the crystal. E.g. yellow colour NaCl, Pink colour of LiCl etc. 
It is similar to Schottky defect. 

. Metal excess defect is due to presence of extra cation in the interstitial sites. In order to maintain electrical neutrality, an 
electron is also present in another interstitial site. It is similar to Frenkel defect when ZnO is heated, it looses oxygen, turns 
yellow due to excess of Zn*? ions which gets trapped in the vacant interstitial site and the electrons in another interstitial site. 
. Metal deficiency defect due to missing of a cation from its lattice site and their positive charges are balanced by the presence 
of extra charge cation on the neighbouring or adjacent lattice site. E.g. FeO, FeS and NiO 

. Impurity defects arises when some foreign atoms are present at the lattice sites in place of host atoms or at the vacant 
interstitial sites. 


. Doping is the process of adding impurities to a crystalline substance so as to change its properties. 


. Doping in ionic solids by adding impurity of ions E.g. CdCl, is added to AgCl, SrCl, into NaCl. 


. Doping with electron rich impurities like P or As in the covalent solids creates n-type semiconductors where the conductivity 
is due to movement of negatively charged electrons. 


. Doping with electron deficient impurities like B, Al, Ga in the covalent solids creates p-type semiconductor where the 
conductivity is due to movement of positively charged holes. 


. Conductors are classified as Metallic conductors and Electrolytic conductors. 

. In the metallic conductors, the flow of electricity is due to flow of electrons. Hence also called electronic conductors. 
. In electrolytic conductors like NaCl, KCl, the flow of electricity is due to flow of ions in the molten electrolyte. 
. Insulators are solids with extremely low conductivity. E.g. wood, plastic, rubber etc. 

. Semiconductors— The solids which have conductivity between those of conductors and insulators. 

. Conductivity of metals can be explained with the help of Electron gas theory and Band theory. 

. Bands are formed by the overlapping of atomic orbitals of comparable energies. 

. Two types of bands are Valence band and Conduction band. 

. The band formed from atomic orbitals of lower energy is called valence band. 

. The band formed from empty or partially filled atomic orbitals of higher energy is called conduction band. 

. Semiconductors are of two types i.e. Extrinsic and Intrinsic semiconductors. 

. Insulators which become conducting due to increase in temperature are known as Intrinsic semiconductors. 


. Insulators which become conducting due to the addition of impurities of some elements (doping) are known as Extrinsic 
semiconductors. 


. Extrinsic semiconductors are of two types i.e., p-type and n-type semiconductors. 


. Diamagnetic substances are weakly repelled by the external magnetic field E.g. TiO,, H,O, NaCl etc. They have paired 
electrons in their orbitals. 


. Paramagnetic substances are attracted by the external magnetic field. They have unpaired electrons in their orbital E.g., O,, 
Cu?+, Crêt, Fet etc. 


. Ferromagnetic substances exhibit magnetism even in the absence of the magnetic field. E.g., Fe, Ni, Co, etc. 


. Anti ferromagnetic substances have no magnetic moment since the electronic spins mutually cancel each other, under the 
influence of external magnetic field E.g. MnO. 


. Ferrimagnetic substances exhibit some magnetic character because alignment of spin electrons in parallel and anti- parallel 
directions in unequal numbers. E.g. Magnetite. 


. Curie temperature is the temperature above which no ferro-magnetism is observed. 
. Super conductivity is the property when a substance offers no resistance to the flow of electricity. 





Join WW.JEEBOOKS.IN 


@booksforcbse 
for more. 





4 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 


(1 Mark) 





Ans. 
. Which point defect in its crystal units alters the 


Ans. 
. Which point defect in its crystal units increases 


Ans. 


Ans. 


Ans. 
. What is the number of atoms in a unit cell of a 


Ans. 


. Which point defect in crystals does not alter the 


density of the relevant solid? (Delhi) 


Frenkel defect. 
density of a solid? (Delhi) 
Schottky defect. 


the density of a solid? (Delhi) 
Metal excess defect increases the density of a 
solid. It is due to presence of extra cations in the 
interstitial sites. 


. How do metallic and ionic substances differ in 


conducting electricity? (All India) 
The electrical conductivity in metallic substances 
is due to free electrons while in ionic substances 
the conductivity is due to presence of ions. 


. Which point defect of its crystals decreases the 


density of a solid? (Delhi & All India) 


Schottky defect. 


face-centred cubic crystal? (All India) 
The number of atoms in a unit cell of fcc-crystal is 
4 atoms. 





Ans. 


Ans. 
. Which point defect in crystals of a solid 


Ans. 
10. 


Ans. 
11. 


Ans. 
. Write a distinguishing feature of metallic solids. 


Ans. 


. Write a feature which will distinguish a metallic 


solid from an ionic solid. (Delhi) 
The electrical conductivity in metallic solid is due 
to free electrons while in ionic solid the 
conductivity is due to presence of ions. 


. Which point defect in crystals of a solid does not 


change the density of the solid? (Delhi) 


Frenkel defect. 

decreases the density of the solid? (Delhi) 
Schottky defect. 

What type of interactions hold the molecules 
together in a polar molecular solid? (All India) 
Dipole-dipole forces of attractions hold the 
molecules together in a polar molecular solid. 
What type of semiconductor is obtained when 
silicon is doped with arsenic? (All India) 
n-type semiconductor. 


(All India) 
Metallic solids possess high electrical and thermal 
conductivity due to presence of free electrons. 





13. 


‘Crystalline solids are anisotropic in nature.’ 
What does this statement mean? (Delhi) 
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Ans. 


14. 


Ans. 


It means that crystalline solids show different 
values of some properties like electrical 
conductivity, refractive index, thermal expansion 
etc. in different directions. 

Which stoichiometric defect in crystals increases 
the density of a solid? (Delhi) 
Interstitial defect in crystals increases the density 
of a solid. 





15. 


Ans. 


16. 


Ans. 


17. 


Ans. 


18. 


Ans. 


19. 


Ans. 


20. 


Ans. 


21. 


Ans. 
22. 


Ans. 


What is meant by ‘doping’ in a semiconductor? 
(Delhi) 
Addition of a suitable impurity to a semiconductor 
to increase its conductivity is called doping. 
Write a point of distinction between a metallic 
solid and an ionic solid other than metallic 
lustre. (Delhi) 
Metallic solid conducts electricity in solid state 
but ionic solids do so only in molten state or in 
solution. Metals conduct electricity through 
electrons while ionic substances through ions. 
Metallic solids are malleable and ductile while 
ionic solids are hard and brittle. 
How can the conductivity of an intrinsic 
semiconductor be increased? (All India) 
The conductivity is increased by adding an 
appropriate amount of suitable impurity. This 
process is called as intrinsic doping. 
Which stoichiometric defect increases the density 
of a solid? (All India) 
Interstitial defect increases the density of a solid. 
What are n-type semiconductors? (All India) 
n-type semiconductor : They are obtained by 
doping silicon with an element of group15, like P, 
As etc. 
What type of stoichiometric defect is shown by 
AgBr and AgI ? (Comptt. All India) 
AgBr shows both Frenkel defect and Schottky 
defect whereas AgI shows Frenkel defect. 
What type of defect can arise when a solid is 
heated ? (Comptt. All India) 
Vacancy defects can arise when a solid is heated. 
Why does LiCl acquire pink colour when heated 
in Li vapours? (Comptt. All India) 
This is due to metal excess defect due to anionic 
vacancies in which the anionic sites are occupied 
by unpaired electrons (F-centres). 








23. 


Ans. 
24. 


Ans. 


How many atoms constitute one unit cell of a 
face-centered cubic crystal? (Delhi) 
4 atoms constitute one unit cell of a fcc crystal. 
What type of stoichiometric defect is shown by 
AgCl? (Delhi) 
Frenkel defect is shown by AgCl. 
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25. 


Ans. 


26. 


Ans. 


27. 


Ans. 


28. 


Ans. 


What type of substances would make better 
Permanent Magnets: 

Ferromagnetic or Ferrimagnetic? (Delhi) 

Ferromagnetic substances would make better 
permanent magnets 
Example : Fe, Co, Ni etc. 
Calculate the number of atoms in a face centred 
cubic unit cell. (Comptt. Delhi) 
In face centered cubic arrangement, number of 
lattice points are : 8 + 6. 


Lattice points per unit cell = 8x5 +6x> =4 


On heating a crystal of KCl in potassium 
vapour, the crystal starts exhibiting a violet 
colour. What is this due to? (Comptt. Delhi) 
The Cl ions diffuse to the surface and combine 
with atoms which get ionized by losing electrons. 
These electrons are trapped in anions vacancies 
and act as F-centre which imparts violet colour to 
the crystal. 

Which type of ionic substances show Schottky 
defect in solids? (Comptt. Delhi) 
Highly ionic compounds with high coordination 
number and small difference in size of cations 
and anions show schottky defect. 





29. 


Ans. 


30. 


Ans. 
31. 


Ans. 


32. 


Ans. 


How many atoms per unit cell (z) are present in 
bcc unit cell? (Comptt. Delhi) 
Number of atoms in a unit cell of a body centred 
cubic structure : 

Contribution by 8 atoms at the corners 


8 


Contribution by the atom presents within the 
body = 1 
Total number of atoms present in the unit 
cell = 1 + 1 = 2 atoms 
What type of stoichiometric defect is shown by 
NaCl? (Comptt. Delhi) 
Schottky defect is shown by NaCl. 
Write a distinguishing feature between a metallic 
solid and an ionic solid. (Comptt. Delhi) 
The electrical conductivity in metallic substances 
is due to free electrons while in ionic substances 
the conductivity is due to presence of ions. 
Why are crystalline solids anisotropic? 
(Comptt. All India) 
Crystalline solids show different values of their 
some properties like electrical conductivity, 
refractive index, thermal expansion etc. in 


different directions. 


Q 
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Ans. 


34. 


Ans. 


Chapter 1 : SOLID STATE 5 


What is meant by ‘antiferromagnetism’? 

(Comptt. All India) 
Antiferromagnetism : These substances possess 
zero net magnetic moment because of presence of 
equal number of electrons with opposite spins. 
Write a distinguishing feature of a metallic solid 
compared to an ionic solid. (Comptt. All India) 
Refer to Q. 16, Page 4 





35. 


Ans. 
36. 


Ans. 


37. 


Ans. 


38. 


Ans. 


39. 


Ans. 


40. 


Ans. 


What is the formula of a compound in which the 
element Y forms ccp lattice and atoms of X 
occupy 1/3" of tetrahedral voids? (Delhi) 
Formula is X,Y}. 

What is the formula of a compound in which the 
element Y forms ccp lattice and atoms of X 
occupy 2/3" of tetrahedral voids? (All India) 
Y atoms are N (No. of tetrahedral voids are 2N), 
No. of tetrahedral voids occupied by X are 


2 4N 
3x2N=-7 


X:Y=4N:3N 
Formula : X,Y, 
What is the no. of atoms per unit cell (z) in a 
body-centred cubic structure? (Comptt. Delhi) 
Contribution by the atoms present at eight 


corners = 8 X 5 =1 

Contribution by the atoms present at centre = 1 

Total number of atoms present in unit cell = 1 + 
1=2 

What type of stoichiometric defect is shown by 
AgCI? (Comptt. All India) 


AgCI shows Frenkel defect. 


What type of magnetism is shown by a 
substance if magnetic moments of domains are 
arranged in same direction? (Delhi) 
Ferromagnetism is shown by a substance if 
magnetic moments of domains are arranged in 
same direction. 


OOOO 


Give an example each of a molecular solid and 
an ionic solid. (All India) 


Molecular solid ——> Iodine (I,) 


Ionic solid —— Sodium chloride (NaCl) 








41. 


A metallic element crystallises into a lattice 


having a pattern of AB AB ... and packing of 
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Ans. 


42. 


Ans. 


43. 


Ans. 
44. 


Ans. 
45. 


Ans. 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


spheres leaves out voids in the lattice. What type 
of structure is formed by this arrangement? 
(Comptt. Delhi) 
Tetrahedral void is formed in AB AB ... pattern. 
The hexagonal close packing (hcp) is formed in 
this arrangement. 
A metallic element crystallises into a lattice 
having a ABC ABC ... pattern and packing of 
spheres leaves out voids in the lattice. What type 
of structure is formed by this arrangement? 
(Comptt. Delhi) 
Octahedral voids are formed in ABC ABC ... 
pattern. The cubic close packing (ccp) is formed 
in this arrangement. 
What type of Stoichiometric defect is shown by 
AgCI? (Comptt. Delhi) 
Frenkel defect. 
What type of stoichiometric defect is shown by 
NaCl? (Comptt. All India) 
Schottky defect is shown by NaCl. 
Which ionic compound shows both Frenkel and 
Schottky defects? (Comptt. All India) 
Silver bromide (AgBr) shows both Schottky and 
Frenkel defect. 


Short Answer Type Questions-I (SA-ID 


(2 Marks) 





46. 


Ans. 


Explain how you can determine the atomic mass 
of an unknown metal if you know its mass 
density and the dimensions of unit cell of its 
crystal. (All India) 
Suppose edge of the unit cell = a pm 
Number of atoms present per unit cell = Z 
z. Volume of unit cell = (a pm)? 
= (a x 107! cm)? = a? x 10°? cm3 


Density of unit cell = Masenranbcell 





(i 
Volume of unit cell © 
Mass of unit cell = Number of atoms in the unit 

cell x mass of each atom 
=Z xm 
Atomic mass _ M 
No 
Substituting these values in equation (i), we get 
ZxM 

a> x10730 x No 


Mass of each atom = 





Avogadro’s no. 


Density of unit cell = 


Q 





Join 
@booksforcbse 
for more. 








47. 


Ans. 


48. 


Ans. 


49. 


Ans. 


50. 


Ans. 








If ais in cm, d = Za g/cm? 
a? x No 
Molar mass can be calculated as 
dxa? xNo 


M = 











Calculate the packing efficiency of a metal 
crystal for a simple cubic lattice. (All India) 
Percentage efficiency of packing of simple cubic 
lattice = 52.4%. 
Define the following terms in relation to 
crystalline solids : 

(i) Unit cell (ii) Coordination number 
Give one example in each case. (All India) 

(i) Unit cell : The smallest three dimensional 
portion of a complete space lattice which 
when repeated over and again in different 
directions produces the complete space 
lattice is called the unit cell. 
Example : Cubic unit cell, Hexagonal unit cell 
etc. 
Coordination number : The number of 
nearest spheres with which a particular 
sphere is in contact is called co-ordination 
number. 
Example Co-ordination number of 
hexagonal (hcp) structures is 12. 


(ii 


wa 


The unit cell of an element of atomic mass 108 u 
and density 10.5 g cm” is a cube with edge 
length, 409 pm. Find the type of unit cell of the 
crystal.[Given : Avogadro's constant = 6.023 x 











1073 mol] (Comptt. Delhi) 
3 
We know that Z = WON NA 
z = (409x 10-1°)3 x 10.5 x 6.023 x 1073 
108 
_ 409 x 409 x 409 x 10-89 x 10.5 x 6.023 x 1079 
108 
_ 423.68 _ 
108 


So it forms cubic- closed packed (ccp) lattice or 
fcc structure. 
Explain the following terms with suitable 
examples : 
Ferromagnetism and Ferrimagnetism 
(Comptt. Delhi) 
Ferromagnetic solids : The solids which are 
strongly attracted by external magnetic field and 
do not lose their magnetism when the external 
field is removed are called ferromagnetic solids. 
The property, thus exhibited, is termed as 
ferromagnetism. 
Example : Fe, Co and Ni show ferromagnetism at 
room temperature. 
Ferrimagnetic solids : 
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The solids which are 


51. 


Ans. 


52. 


Ans. 


expected to show large magnetism due to the 
presence of unpaired electrons but in fact have 
small net magnetic moment, are called 
ferrimagnetic solids. 
Example : Fe,O, and ferrites. 
An element X crystallizes in f.c.c structure. 208 g 
of it has 4.2832 x 1074 atoms. Calculate the edge 
of the unit cell, if density of X is 7.2 g cm™. 
(Comptt. Delhi) 
Z = 4(fcc) d = 7.2 g/cm? a=? 
4.2832 x 104 atoms have mass = 208 g 
6.022 x 1077 atoms have mass 
= — 208 _ 6.022 x 103 = 29,24 (at. mass) 
4.2832 x 1074 
a ZXM _ 4x 29.24 
dxNa 7.2.x 6.022 x 1073 


= 269.6 x 104 cm3 
a = 6.46 x 10% cm = 6.46 A 

What is a semiconductor? Describe the two 
main types of semiconductors. (Comptt. Delhi) 
Semiconductor : The solid materials whose 
electrical conductivity lies between those of the 
typical metallic conductors and insulators are 
termed as semiconductors. The semiconductors 
possess conductivity in the range of 10? to 10~° 
ohm cm, 
These are of two types : 

(a) n-type semiconductors : Doping of higher 
group element impurity forms n-type 
semiconductors. e.g. when ‘As’ is doped in ‘Ge’. 

(b) p-type semicondctors : Impurity of lower 
groups forms electron deficient bond in the 
structure. Electron deficiency develops to p-hole. 








53. 


Ans. 


54. 


Ans. 


Account for the following: 

(i) Schottky defects lower the density of 
related solids. 

(ii) Conductivity of silicon increases on doping 
it with phosphorus. (All India) 

(i) Schottky defect produced due to missing of 
equal number of cation and anion from 
lattice as a result of which the density of the 
lattice solid decreases. 

(ii) The conductivity of silicon increases due to 
negatively charged extra electron of doped 
pentavalent phosphorus. 

Aluminium crystallizes in an fcc structure. 

Atomic radius of the metal is 125 pm. What is 
the length of the side of the unit cell of the 
metal? (All India) 


For fcc, Formula: r = 


Given: r = 125 pm 


Q 
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Ans. 


56. 


Ans. 


Ans 


58. 


Ans. 
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a=2/0r+ a=2J2 x 125 
=> a= 2 x 1.414 x 125 = 353.5 pm 
. (a) Why does presence of excess of lithium 
makes LiCl crystals pink? 
A solid with cubic crystal is made of two 
elements P and Q. Atoms of Q are at the 
corners of the cube and P at the body-centre. 
What is the formula of the compound? 
(All India) 

This is due to metal excess defect due to 
anionic vacancies in which the anionic sites 
are occupied by unpaired electrons 
(F-centres). 
As atoms of Q are present at the 8 centres of 
the cube, therefore, number of atoms of Q in 


(b) 


(a 


wa 


(b 


© 


1 
the unit cell = g x8=1 


The atom P is at the body centre 
Number of atoms = 1 
Ratio of atoms P: Q=1:1 
Hence, the formula of the compound is PQ. 

(a) What change occurs when AgCl is doped 

with CdCl,? 

(b) What type of semiconductor is produced 

when silicon is doped with boron? 
(All India) 

(a) Impurity defect of ionic solids is produced 

when AgCl is doped with CdCl,. Due to this 
defect vacancies are created that result in 
higher electrical conductivity of the solid. 

(b) p-type semi-conductor is obtained when 

silicon is doped with boron. 

. If NaCl is doped with 10° mole percent SrCl,, 
what will be the concentration of cation 
vacancies? (N, = 6.02 x 1073 mol") 

(Comptt. All India) 

. 10 mol percent means 100 moles of NaCl are 

doped with 10-3 moles of SrCl, 

1 mole of NaCl is doped with SrCl, 
-3 
= 10” -105 mole 
100 
Since each Sr?+ ion introduces one cation vacancy 
Concentration of cation vacancies 
= 10° mol/mol of NaCl 
= 10> x 6.02 x 10% mol! 
= 6.02 x 1018 mol! 

What is a semiconductor? Describe the two 

main types of semiconductors and contrast their 

conduction mechanism. (Comptt. All India) 

Semiconductor The solids which have 

intermediate conductivities between metals and 

non-metals i.e. between 10-6 to 104 n! m=! are 
called semiconductors. 

Example : Germanium and Silicon. 
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59. 


Ans. 


60. 


Ans. 


Q 
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Main types of semiconductors are of two types : 
(i) Intrinsic semiconductor These are 
insulators at room temperature and become 
semiconductors when temperature is raised 
(ii) Extrinsic semiconductor 
/ p-type semiconductor 
N n-type semiconductor 
These are formed by dopping impurity of 
lower or higher group. 
These are subdivided into two types : 

e p-type semiconductor : When a silicon 
crystal is doped with atoms of group-13 
elements like B, Al, Ga etc., the atom 
forms only 3 covalent bonds with the Si 
atom and 4t missing electron creates a 
hole which conducts electricity. 

e n-type semiconductor : When a silicon 
crystal is doped with atoms of group-15 
elements like P, As etc., then only four of 
the five valence electrons of each 
impurity atom participate in 4 covalent 
bond formation and 5 e- conducts 
electricity. 

A compound forms hcp structure. What is the 
total number of voids in 0.5 mol of it? How 
many of these are tetrahedral voids? 
(Comptt. All India) 
No. of atoms in the hcp = 0.5 x 6.022 x 107 
= 3.011 x 10% 
No. of octahedral voids 
= No. of atoms in packing = 3.011 x 1073 
No. of tetrahedral voids 
= 2 x No. of atoms in packing 
= 2 x 3.011 x 10% = 6.022 x 103 
Total no. of voids 
= 3.011 x 107 + 6.022 x 1073 = 9.033 x 1073 
An element crystallizes in a structure having fcc 
unit cell of an edge 200 pm. Calculate the 
density if 200 g of this element contains 24 x 107 
atoms. (Comptt. All India) 
24 x 1073 atoms of an element have mass = 200 g 
6.022 x 10% atoms of an element have mass 
_ 200 
24x10” 
Given : a = 200 pm = 200 x 107!” cm, 
Z = 4 (For fcc), M = 50.18 g 


x 6.022 x 1073 = 50.18 g 








: ZxM 
Using the formula : p = ————— 
8 r P a x Na 
_ 4 x 50.18 
P (200 x 1071? )3 x 6.022 x 1023 
p= 200.72 += 2007.2 _ 41.66 gicm? 
8 x 6.022 x 10 48.176 
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Ans. 


62. 


Ans. 


63. 


Ans. 


Ans. 


65 


. An element with density 11.2 g cm forms a 
f.c.c. lattice with edge length of 4 x 10 cm. 
Calculate the atomic mass of the element. 
(Given : N, = 6.022 x 1073 mol") (Delhi) 


Given : p = 11.2 g cm”, a = 4 x 10® cm 
For fcc lattice, Z = 4 

3 
Using formula, M = a 


M = (11.2 )(4x10-8)3 (6.022 x 102°) 
4 





4316.56 x 1071 
4 


= 107.91 g/mol 


Examine the given defective crystal 
A B At B- At 
B 0 5 At B 
At B At 0 At 
B At B At B 


Answer the following questions : 
(i) What type of stoichiometric defect is shown 
by the crystal? 
(ii) How is the density of the crystal affected by 
this defect? 
(iii) What type of ionic substances show such 
defect? (Delhi) 
(i) Schottky defect 
(ii) Density of the crystal decreases 
(iii) NaCl (Ionic solids having approximate equal 
size of cations and anions) 
An element with density 2.8 g cm™ forms a f.c.c. 
unit cell with edge length 4 x 10-8 cm. Calculate 
the molar mass of the element. 
(Given : N, = 6.022 x 1073 mol!) (All India) 


ZXM for fice, Z = 4 


Using formula: p = 
a x 





No 
M = pxa? x No 


-M = (2.8¢ cm™>)(4x 10-Scm)°(6.022 x 1073 atoms mol!) 





4 
es = 26.978 g/mol 


(i) What type of non-stoichiometric point 
defect is responsible for the pink colour of 
LiCl? 

(ii) What type of stoichiometric defect is shown 
by NaCl? (All India) 

(i) This is due to metal excess defect due to anionic 
vacancies in which the anionic sites are 
occupied by unpaired electrons (F-centres). 

(ii) Schottky defect is shown by NaCl. 

. How will you distinguish between 
following pairs of terms : 
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the 


Ans. 


66. 


Ans. 


Ans. 


(i) Tetrahedral and octahedral voids 
(ii) Crystal lattice and unit cell (All India) 


(i) Octahedral voids 





Tetrahedral voids 


1.|It is much smaller|Size is much larger 


than the size  of|than tetrahedral voids. 
spheres in the 
packing. 





'2.| Each tetrahedral void 
is surrounded by 4 
spheres. Hence, co- 
ordination no. is 4. 


Each octahedral void is 
surrounded by 6 
spheres. Hence, its co- 
ordination no. is 6. 

















(ii) A regular arrangement of the constituent 
particles of a crystal in a three dimensional 
space is called crystal lattice. 

The smallest three dimensional portion of a 

complete crystal lattice, which when 

repeated over and again in different 
directions produces the complete crystal 
lattice is called the unit cell. 

Write the type of magnetism observed when 

the magnetic moments are oppositively 

aligned and cancel out each other. 

(ii) Which stoichiometric defect does not change 
the density of the crystal? (All India) 

(i) Diamagnetism is observed when the 
magnetic moments are oppositively aligned 
and cancel out each other. 

(ii) Frenkel defect does not change the density of 
the crystal. 

(i) Write the type of magnetism observed 
when the magnetic moments are aligned in 
parallel and anti-parallel directions in 
unequal numbers. 

(ii) Which stoichiometric defect decreases the 
density of the crystal? (All India) 

(i) Ferrimagnetism is observed. 

(ii) Schottky defect decreases the density of the 
crystal. 


(i 


~ 





Ans. 


. Define the following terms: 
(i) n-type semiconductor 
(ii) Ferrimagnetism 
(i) n-type semiconductor : When Si/Ge is 

doped with group 15 element. 

(ii) Ferrimagnetism : When magnetic domains 
are aligned in parallel and anti-parallel 
directions in unequal numbers. 

. Explain the following terms with suitable 

examples : (Comptt. All India) 

(i) Frenkel defect (ii) F-centres 

(i) Frenkel defect : The defect in which the 
smaller ion/cation is dislocated to a nearby 
interstitial site. 

Example : Silver halides, ZnS. 


(Comptt. Delhi) 
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(ii) F-centres : The anion vacancy occupied by an 
electron is called F-centre in Alkali metal 
halides. 

Example : NaCl, KCI, LiCl. 





70. Calculate the number of unit cells in 8.1 g of 
aluminium if it crystallizes in a face-centered 
cubic (f.c.c.) structure. (Atomic mass of Al = 27 g 
mol") (Comptt. All India) 


Ans. 1 mole of Aluminium = 27 g = 6.022 x 1075 
Hence, No. of atoms present in 27 g of Al 
_ 6.022 x 1073 
27 


As f.c.c. unit cell contains 4 atoms 
No. of f.c.c. unit cells present 


_ 6.022 x 10% x 8.1 
27 x4 
= 0.45165 x 103 = 4.5165 x 1022 


Short Answer Type Questions-Il (SA-I1) 
(3 Marks) 











71. Iron has a body centred cubic unit cell with a 
cell edge of 286.65 pm. The density of 
iron is 7.87 g cm. Use this information to 
calculate Avogadro’s number (At. mass of 
Fe = 56 g mol). (Delhi & All India) 
Given : 

a = 286.65 pm = 286.65 x 10-1°, 


Ans. 




















d = 7.87 g cm, M=56g mol! 
Z=2 iN, =? 

, , ZM ZM 
Using formula : d = ON, or N, = ay 
o Noe 2 x 56 

A (286.65 x 1071°)3 x 7.87 
ae Mes 112 
(2.87 x 10-8)3 x 7.87 
112 
or N, = 
A 23.63 x 7.87 x 10-24 
112 
or N, = —— 
A 185.97 x 10-24 
or Ny, = 112 x 1028 
18.597 


Avogadro’s number N, = 6.022 x 10% 
Silver crystallises with face-centred cubic unit 
cells. Each side of the unit cell has a length of 
409 pm. What is the radius of an atom of silver? 
(Assume that each face atom is touching the four 
corner atoms.) (All India) 
Ans. Given : a = 409 pm 
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For fcc unit cell, the formula is 








a 
f = —— 
242 
409 409 409 
or r= = = 
2/2 2x1414 2.828 
r = 144.62 


Radius of an atom of silver = 144.62 pm 





73. 


Ans. 


74. 


Ans. 


Q 


The well known mineral fluorite is chemically 
calcium fluoride. It is known that in one unit cell 
of this mineral there are 4 Ca?* ions and 8 F- ions 
and that Ca? ions are arranged in a fcc lattice. The 
F ions fill all the tetrahedral holes in the face 
centred cubic lattice of Ca?* ions. The edge of the 
unit cell is 5.46 x 10 8 cm in length. The density of 
the solid is 3.18 g cm. Use this information to 
calculate Avogadro’s number (Molar mass of CaF, 
= 78.08 g mol"). (Delhi) 
Given : 

Edge of the unit cell (a) = 5.46 x 10-8 cm 

Density (P) = 3.18 g cm? 
According to the formula : 








ZxM 4 x 78.08 
N, = - N,= 
A” xP A’ (5.46 x 1078)3 x 3.18 
N, = oe = 6.033 x 1073 





517.612 x 10-73 
The density of copper metal is 8.95 gcm” 3, If the 


radius of copper atom is 127.8 pm, is the copper 
unit cell a simple cubic, a body-centred cubic or 
a face centred cubic structure? 
(Given : At. mass of Cu = 63.54 g molt and 
N, = 6.02 x 1073 mol") (Delhi & All India) 
If copper atom were simple cubic : 
a =2xr = 2 x 127.8 pm 
= 255.6 pm = 255.6 x10710 cm 





Z=1 
_ ZxM _ 1x 63.54 
a° xN, (255.6 x10710)? x (6.02 x 10%) 
P = 6.34 g cm 


Actual density = 8.95 g cm 
Hence copper atom is not simple cubic. 
If copper atom were body-centred : 





a= Pet pm = 295.15 pm 
Lis 2 
_ ZxM _ 2x 63.54 
a> xNa coe x 10710)3 x 6.02 x 1078 
P = 8.21 g cm 


Fene, copper atom is not body centred 
If copper atom were face-centred : 


a= 242. 
or a= 2 x 1.414 x 127.8 pm 
= 361.4 pm = 361.4 x 107? cm 
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Ans. 





_ ZxM _ 4 x 63.54 
a? xN, (361.4 x10710)? x 6.02 x 1073 
P = 8.94 cm? 


Hence, copper is face-centred cubic. 
Silver crystallises in face-centred cubic unit 
cells. Each side of the unit cell has a length of 
409 pm. What is the radius of silver atom? 

(All India) 
Refer to Q. 72, Page 9 





76. 


Ans. 


77. 


Ans. 


Silver crystallizes in face-centered cubic unit 
cell. Each side of this unit cell has a length of 
400 pm. Calculate the radius of the silver atom. 
(Assume the atoms just touch each other on the 
diagonal across the face of the unit cell. That is 
each face atom is touching the four corner 
atoms.) (Delhi) 
Given : a = 400 pm, r=? 


For fcc unit cell : 





s 
or f= am = 8 r= 141.4 
2 x 1.4142 2.828 


Radius of the silver, r = 141.4 pm 
The density of lead is 11.35 g cm and the metal 
crystallizes with fcc unit cell. Estimate the 
radius of lead atom. 
(At. Mass of lead = 207 g mol and 


N, = 6.02 x 1073 mol") (Delhi) 





Given: d = 11.35 g cm? 
According to the formula 
ZxM 3 ZxM 
d= -r or a = 
a’ xNa dxNa 


For fcc lattice, Z = 4 
4 x 207g mol"! 
11.35 g cm™ x 6.02 x 107 mol! 


828 = 12.118 x 10-3 
68.327 x 1023 


or a@ = 1.212 x 10-22 cm8 


or a= ¥1.212x10-22 cm 


a = 4.95 x 108 cm 


3 = 








o @= 


a 


242 





For fcc unit cell, r = 


4.95 x 1078 4.95 x 10-8 
or T= = 
2x1414 2.828 


Radius, r = 1.75 x 10% cm = 175 pm 











78. 


Ans. 


Tungsten crystallizes in body centred cubic unit 
cell. If the edge of the unit cell is 316.5 pm, what 





is the radius of tungsten atom? (Delhi) 
For bec, unit cell : radius, r = sa Ki a = 316.5 pm) 
_ 3x pa _ 1732x Lo -137 pm 
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Ans. 


80. 


Ans. 


81. 


Ans. 


82. 


Ans. 


Q 


Iron has a body centred cubic unit cell with a 
cell dimension of 286.65 pm. The density of iron 
is 7.874 g cm. Use this information to calculate 
Avogadro’s number. 


(At. mass of Fe = 55.845 u) (Delhi) 
Formula : d = eooo 
a? xNy 


For bcc, lattice Z = 2 [bcc = body centred cubic] 
2 x 55.845 g mol“! 
(286.65 x 107 cm)? x Ny 
2 x 55.845 g mol“! 
N, = -10 cm )8 
(286.65 x 10~ = cm)? x 7.874g cm™ 
' Avogadro's number, N, = 6.02 x 10% ae 
Copper crystallises with face centred cubic unit 
cell. If the radius of copper atom is 127.8 pm, 
calculate the density of copper metal. 
(Atomic mass of Cu = 63.55 u and Avogadro’s 
number N, = 6.02 x 10% mol!) (All India) 
In fcc, lattice, Z = 4 atoms [fcc = face centred cubic] 
ZxM 
ae xNa 
fcc lattice for copper a = 242r 
a@ = (2/2 r} 
a@ = 8 x 24/2 (1.278 x 10-8 cm)3 
a> = 4.723 x 10° cm? 
_ 4 x 63.55 g mol"! 
4.723 x 107” cm x 6.02 x 103 mol! 

g- 242g mol t 8.94 g cm 

28.43 
Iron has a body centred cubic unit cell with the 


cell dimension of 286.65 pm. Density of iron is 
7.87 g cm. Use this information to calculate 
Avogadro’s number. 

(Atomic mass of Fe = 56.0 u) 


7.874 g cm = 








Formula : d = 


Y J 








(All India) 





Formula : d = ELN Z for bec = 2 
aœ xNa 
ZxM 2x 56g mol"! 
Na = -3 = -1053 3 
a° xd (286.65 x107")? x7.87cm 
= 6.043 x 10? mol 
(a) Some of the glass objects recovered from 


ancient monuments look milky instead of 
being transparent. Why? 

(b) Iron (N) oxide has a cubic structure and each 
side of the unit cell is 5A. If density of the 
oxide is 4 g cm”, calculate the number of 
Fe% and O% ions present in each unit cell. 
[Atomic mass : Fe = 56 u, O = 16 u; 
Avagadro's number = 6.023 x 10% mol] 

(Comptt. All India) 

(a) Some of the glass objects found from ancient 
monuments look to be milky in appearance 
because of crystallisation of glass. 
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(b) Volume of unit cell = aœ = 6Å)= = (5 x 10-8)3 
= 1.25 x 10 cm 
Density of FeO = 4g cm” 
Mass of unit cell = Volume x Density 
= 1.25 x 102 x 4 g 
=5x10? g 
Mass of FeO molecule per unit cell 
_ 5x10 g 
1.195 x 10g 
Thus 4Fe*?, 407 will be present in each 
unit cell. 
(a) What are intrinsic semi-conductors? Give 
an example. 
(b) What is the distance between Na+ and CI- 
ions in NaCl crystal if its density is 2.165 g 
cm? [Atomic Mass of Na = 23u, Cl = 35.5u; 
Avogadro's number = 6.023x1079] 
(Comptt. All India) 
Intrinsic semi-conductors These are 
insulators at room temperature and become 
semi-conductors when temperature is raised, 
Example : silicon and germanium. 
Applying the formula 
ZM 


p= Pum,” Z for NaCl is 4 (fcc) 


or @= AM 
pPxNa 


=4.19=4 





(a 


s 


(b 


© 


4 x 58.5 
2.165 x 6.023 x 1073 








i 4 x 58.5 

we 

2.165 x 6.023 x 1073 
a = 2 x distance between Nat and CI! 
ions 

Distance between Nat and Cl! ion 


-10 
_ 364x10 = 282 pm. 
2 





= 564 x 1071? cm 








84. 


Ans. 


(a) What type of semiconductor is obtained 
when silicon is doped with boron? 

(b) What type of magnetism is shown in the 
following alignment of magnetic moments? 


t TT TTT T 
(c) What type of point defect is produced when 
AgCI is doped with CdCl,? (Delhi) 
(a) p-type semi-conductor is obtained when 
silicon is doped with boron. 
(b) Ferromagnetism is shown when the 
alignment of magnetic movements will be 


, tf Tf T TT 


(c) Impurity defect of inonic solids is produced 
when AgCI is doped with CdCl. Due to this 
defect vacancies are created that result in 
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85. 


Ans. 


86. 


Ans. 


87. 


Ans. 


Q 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


higher electrical conductivity of the solid. 
An element occurs in bcc structure. It has a cell 
edge length of 250 pm. Calculate the molar mass 
if its density is 8.0 g cm™. Also calculate the radius 
of an atom of this element. (Comptt. Delhi) 
Given : For bcc structure, Z = 2 

Edge of the unit cell, a = 250 pm 

Density of the element, p = 8.0 g/cm$ 


M=? r=? 
Using the formula 
Te ZxM s M= pxa? x No 
a x No Z 
— mM = 60% cm™?) x (250x107! cm)? x (6.022 x 103) atoms 





2 
752750000 x 107” 





=> M= 5 . M = 37.6 g mol! 
4r 
For, bcc, a = a => 250 = — 
3 ¥3 
r= mor” 73 Z 108.25 pm 


Iron (II) oxide has a cubic structure and each 
unit cell has a size of 5 A. If density of this oxide 
is 4 g cm”, calculate the number of Fe** and O7 
ions present in each unit cell. 
(Atomic mass of Fe = 56, O = 16, 
N, = 6.023 x 103 and 1 A = 10 cm) 
(Comptt. Delhi) 

Given : p = 4g cm” 

a = 5Å = 5 x 108 cm M = 72 g/mol, Z =? 
Using the formula for cubic crystals 








3 
je = = 7 = PX xNo 
a x No M 
-3 -8 3 23 
2 a 4g cm~ x (5x10 cm)” x6.022x10 
72 
-1 
Z= 3011x107" _ 418 ~4 
72 


There are four formula units of FeO present per 
unit cell. Hence it has face-centred cubic lattice 
where each Fe*+ and O% are four in number. 
Niobium crystallizes in body-centred cubic 
structure. If its density is 8.55 g cm”, calculate 
atomic radius of niobium, given its atomic mass 
93u. (Comptt. Delhi) 
Given : p = 8.55 g cm, 
M = 93 g/mol! 


Z = 2 (For bec) a=? 
Using formula 
pe MxZ 
px No x 10° 
x = (86.1)1/⁄3 


log x = 1/, log 36.1 = 1/, x 1.1575 = 0.519 
=> x = antilog 0.519 = 3.304 
93g mol! x2 
8.55 g cm? x 6.022 x10” mol™ x10 
= 3.61 x 107 = 36.1 x 106 


@= 
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a = (36.1)!/3 x 102 pm 
a = 3.304 x 10? pm = 330.4 pm 
6,8 


For bee r; = ae x 330.4 = 143.1 pm 





88. 


Ans. 


89. 


Ans. 


90. 


Ans. 


The density of copper is 8.95 g cm™. It has a face 
centred cubic structure. What is the radius of 
copper atom? 

(Atomic mass Cu = 63.5 g mol“, 

N, = 6.02 x 10 mol") (Comptt. Delhi) 








. Z 
Using p = Eaa 
œ xNy 
[Given : p = 8.95 g cm, For FCC; Z = 4 
3 _ZxM 
A => ——— 
pxNa 
3 4x63.5 254 
or (E = 
8.95x6.02x10?  53.879x107 
or a = 34.714x10 = 3/47.14x10-% 
= 3.613 x 10® cm 
Iron has a body centred cubic unit cell with a 


cell dimension of 286.65 pm. The density of iron 
is 7.874 g cm”. Use this information to calculate 
Avogadro’s number. 
(Atomic mass of Fe = 55.84 g mol-!) 
(Comptt. Delhi) 
Given : 
a = 286.65 pm = 286.65 x 10-1, 























d = 7.87 g cm, M = 56 g mol! 
Z=2 N=? 
Using formula : d = aN; or Na = an 
se N S 2 x 56 
-A (286.65 x 1071°)3 x 7.87 
: 112 
or N,= 
A (2.87 x 10°8)3 x 7.87 
112 
or N,= 
A 23.63 x 7.87 x 10724 
: 112 
Na = — y 
OE NA 785.97 x 10-4 
or Ny = -$ x 10% = 6.022 x 102 
18.597 


Avogadro’s number N, = 6.022 x 107 
Iron has a body centred cubic unit cell with a 
cell dimension of 286.65 pm. The density of iron 
is 7.874 g cm. Use this information to calculate 
Avogadro’s number. 
(Gram atomic mass of Fe = 55.84 g mol). 

(Comptt. All India) 

Refer to Q. 71, Page 9 








91. 


An element with molar mass 27 g mol" forms a 
cubic unit cell with edge length 4.05 x 10 cm. 
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92. 


Ans. 


93. 


Ans. 


If its density is 2.7 g cm, what is the nature of 





the cubic unit cell? (Delhi) 
ZxM 
d= 5 
Na Xa 
dN xa? 
Z= -M 


2.7g cm™ x 6.022 x 10 mol! 
x(4.05 x 10-8 cm)? 
27g mol! 
_ 6.022 x 1073 x (4.05)3 x 10-74 








10 
= 6.022 x 10-2 x 66.43 = 4.0004 = 4 

It has Face centred cubic cell/fcc. 
Examine the given defective crystal : 

Xt Y Xt Y Xt 

Y O Y Xt Y 

Xt Y Xt O Xt 

Y Xt Y Xt Y 

Answer the following questions : 

(i) Is the above defect stoichiometric or non- 
stoichiometric? 

(ii) Write the term used for this type of defect. 
Give an example of the compound which 
shows this type of defect. 

(iii) How does this defect affect the density of 
the crystal? (All India) 

(i) It is stoichiometric defect. 

(ii) Schottky defect, e.g. NaCl. 

(iii) Density of crystal decreases. 

Define the following : 

(i) Schottky defect 

(iii) F-centre 

(i) Schottky defect : If in 
an ionic crystal of 
type At B, equal 
number of cations 
and anions are 
missing from their 
lattice sites so that the 
electrical neutrality is 
maintained, it is 
called Schottky 
defect. 

Frenkel defect : If an 

ion leaves its site from 

its lattice site and 


(ii) Frenkel defect 
(Comptt. Delhi) 














(ii 


wa 











occupies the 
interstitial site and 
maintains electrical 


neutrality, then it is 
called Frenkel defect. 
F-centre : The centres 
which are created by 
trapping of electrons 
in anionic vacancies 


(iii 


Q 


< 





F-centre 
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and which are responsible for imparting 
colour to the crystals are called F-centres. 

(F = Fabre) 
94. Silver crystallises in fcc lattice. If edge length of 
the unit cell is 4.077 x 10 cm, then calculate the 
radius of silver atom. (Comptt. All India) 





Ans. Given : a = 4.077 x 108 cm r= ? for fcc lattice 
Using formula, 
Radius (r) = —= 
(r) Ar 
_ 4.077 x 10-8 _ 4077x10% 
2x144 © 2.828 


r = 1.441 x 108 cm 








95. An element crystallizes in a f.c.c. lattice with cell 
edge of 250 pm. Calculate the density if 300 g of 
this element contains 2 x 10%% atoms. (Delhi) 
Given: a = 250 pm = 250 x 1071? cm 

z = 4 (for fcc) 

M=? d=? 


Ans. 


zxM 

aN A 

‘+ 2 x 10%% atoms of an element have mass = 300 g 
z. 6.022 x 103 atoms of an element have mass 





Using formula : d = 


_ 300x 6.022 x 1079 
2x1074 
Now M = 90.33 g 
96. An element crystallizes in a b.c.c. lattice with 
cell edge of 500pm. The density of the element is 
7.5g cm. How many atoms are present in 300 g 
of the element? (All India) 
Given: For b.c.c. structure, z = 2 
Edge of the unit cell, a = 500 pm = 500 x 10-!° cm 
Density d = 7.5 g cm? 
Using the formula, 





= 90.33 g 


Ans. 














he = 
a xNo 
M= dxa? x No 
Z 
-10,3 23 
or M =- Z5%(500x10710)? x6.022x10 
2 
7.5X125x10° x10790 x6.022 x102 
o M= 
2 
M = Z5X125% 107! x 6.022 
2 
M = —_ = 282.28 g mol 
282.28 g of the element contains = 6.022 x 107 
atoms 


300 g of the element contains 
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_ 6.022109 aan 
282.28 
= 18066 1023 = 6.40 x 10 atoms 
282.28 
If NaCl is doped with 10 mol % of SrCl,, what 
is the concentration of cation vacancies? 
(Comptt. Delhi) 
Concentration of SrCl, = 10° mol% = 10/100 
mol = 10° mol 
1 mol of NaCl on doping procuces = 6.022 x 10% 
cation vacancies 
Therefore, 10 mol of NaCl on doping produces = 
6.022 x 1023 x 10> = 6.022 x 1018 cation vacancies 
Silver crystallises in f.c.c. lattice. If edge length 
of the cell is 4.07 x 10-8 cm and density is 10.5 g 
cm, calculate the atomic mass of silver. 
(Comptt. All India) 





zxM 
axNa 


dxN,xa? 





d =10.5g cm? 
= 23 
where |Na = 6.02210 
z a=4.07x10°8 
z=4 
10.5 x 6.022 x107 x (4.07 x108)? gem 
4 


=> M= 





=> M= 
= M = 106.6 g mol! 








99. 


Ans. 


100. 


Ans. 


(a) Based on the nature of intermolecular 

forces, classify the following solids: 
Silicon carbide, Argon 

(b) ZnO turns yellow on heating. Why? 

(c) What is meant by groups 12-16 
compounds? Give an example. (All India) 

(a) Silicon carbide is a covalent or network 

solid while Argon is a non-polar molecular 

solid. 

ZnO shows metal excess defect due to 

presence of extra cations, i.e., Zn? ions in 

interstitial sites which on heating changes 

into yellow due to loss of oxygen. 


(b) 


ZnO —> Zn% + 50, + 2e- 


=a 
a 
~ 


Group 12-16 compounds are imperfect 
covalent compounds in which the ionic 
character depends on the electronegativities 
of the two elements, e.g., ZnS, CdS, etc. 
Based on the nature of intermolecular 
forces, classify the following solids: 
Benzene, Silver 
(b) AgCl shows Frenkel defect while NaCl 
does not. Give reason. 
(c) What type of semiconductor is formed 
when Ge is doped with Al? (All India) 
(a) Benzene — Molecular solid (non-polar) 
Silver — Metallic solid 


(a) 
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(b) Due to intermediate radius of AgCl, the size 
of Ag* is smaller than larger Nat ion of 
NaCl so it can easily occupy interstitial 
spaces and shows Frenkel defect. 

(c) p-type semiconductor is formed when Ge is 
doped with Al. 


101. (a) Based on the nature of intermolecular 
forces, classify the following solids: 
Sodium sulphate, Hydrogen 

(b) What happens when CdCl, is doped with 
AgCl? 

(c) Why do ferrimagnetic substances show 
better magnetism than antiferromagnetic 
substances? (All India) 

Ans. (a) Sodium sulphate — Ionic solid 


Hydrogen — Molecular solid (non-polar) 

(b) Cd** ion is dipositive and therefore 
addition of one Cd?+ ion results in the loss 
of two Ag? ions from the lattice. But out of 
2 holes obtained, one is occupied by Cd? 
ion and one left empty. Hence, addition of 
CdCl, results in an impurity defect with 
cation vacancy. 


(c) In ferrimagnetism, domains/magnetic 
moments are aligned in opposite direction 
in unequal numbers while in 


antiferromagnetic substances, the domains 
align in opposite direction in equal 
numbers so they cancel magnetic moments 
completely, i.e., net magnetism is zero. 


102. An element crystallises in b.c.c. lattice with cell 
edge of 400 pm. Calculate its density if 500 g of 
this element contains 2.5 x 10” atoms. 

(Comptt. Delhi) 
Ans. Given: a = 400 pm = 400 x 10° cm 





Z = 2 (for bec) M=? d=? 
Using formula, d = = ~~ 
a xNa 


2.5 x 10% atoms of an element have mass 
= 500 g 
6.022 x 203 atoms of an element have mass 


_ 500 x 6.022 x 10 
~ 25x10 
M = 120.44 g 
Substituting all values in the formula : 
T 2 x 120.44 
~ (400 x 10729)? x Na 
240.88 


~ (400% x 6.022 x 10 x 10°? 
240.88 


~ 64x 10° x 10% x 10 x 6.022 
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_ 240.88 _ 240.88 
6.4 x 6.022 38.5408 
d = 6.25 g cm? 


103. An element crystallises in fcc lattice with cell 
edge of 400 pm. Calculate its density if 250 g of 
this element contain 2.5 x 10” atoms. 
(Comptt. Delhi) 
Given: a = 400 pm = 400 x 107° cm 
Z =4 (for fcc), M =?,d =? 
ZxM 
axN A 
2.5 x 10% atoms of an element have mass 
= 250 g 
6.022 x 10” atoms of an element have mass 
_ 250 x 6.022 x 10 
25x 107% 
M = 60.22 
Substituting all values in formula : 
E 4 x 60.22 
~ (400 x 10729) x 6.022 x 10% 
d = 6.25 g cm”° 


Ans. 





Using formula, d = 


_ _240.88 
38.5408 





104. An element crystallises in bcc lattice with cell 
edge of 400 pm. Calculate its density if 250 g of 
this element contains 2.5 x 10% atoms. 
(Comptt. Delhi) 
Given :a = 400 pm = 400 x 10™ cm 
Z =2 (for bec), M=?,d =? 
ZxM 
a xN A 
25 x 1024 atoms of an element have mass 
=250g 
6.022 x 10” atoms of an element have mass 
_ 250 x 6.022 x 107 


2.5 x 1074 
M = 60.22 g 


Substituting all values in formula : 


2 x 60.22 E 
(400 x 1072°) x 6.022 x 1073 


d = 3.125 g cm? 


Ans. 


Using formula, d = 





120.44 
38.5408 





105. An element exists in bcc lattice with a cell edge 
of 288 pm. Calculate its molar mass if its density 
(Comptt. All India) 
Ans. Given : Cell edge, a = 288 pm = 288 x 107° cm 


Density, d = 7.2 g/cm? 


is 7.2 g/cm’. 
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For bcc formula, units per cell Z =2, M =? 


Using formula and substituting values, 
3 


M = dxNa Xa 


_ 7.2g / cm? x (6.022 x 10%) x (288 x 107! cm)? 





2 
_ 7.2g / cm? x 6.022 x 10% x 2.39 x 10” 


2 
103.626 


2 
M =51.8 g mol“ 


Long Answer Type Questions (LA) 
(5 Marks) 











106. (a) An element has an atomic mass 93 g mol-~! 
and density 11.5 g cm. If the edge length 
of its unit cell is 300 pm, identify the type 


of unit cell. 


(b) Write any two differences between 
amorphous solids and crystalline solids. 
(Delhi) 


Ans. (a) Given: 

M = 93 g mol; p = 11.5 g cm; 

a = 300 pm = 300 x 10°" cm = 3 x 104 cm 

Using formula, 

z= PX a xNa 
_ 11.5 x (3 x 1078) x 6.022 x 107 
93 

= 2.01 (approx.) 
As the number of atoms present in given 
unit cells are coming nearly equal to 2, 
hence the given units cell is body centered 
cubic unit cell (BCC). 


(b) Amorphous solids 
(i) They are iso- (i) They are aniso- 
tropic, ie., they tropic, i.e., value 

will show same of physical pro- 
value of all  perties will be 





Crystalline solids 


physical pro- different when 

perties in all measured along 

directions. different direc- 
tions. 


(i) They have short (ii) They have long 
range order. range order. 


107. (a) Calculate the number of unit cells in 8.1 g 
of aluminium if it crystallizes in a f.c.c. 
structure. (Atomic mass of Al = 27 g mol") 

(b) Give reasons: 

(i) In stoichiometric defects, NaCl 
exhibits Schottky defect and not 
Frenkel defect. 
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(ii) Silicon on doping with Phosphorus (ii) Phosphorus is pentavalent that is it has 
form n-type semiconductor. 5 valence electrons, an extra electron 
(iii) Ferrimagnetic substances show better results in the formation of n-type semi 
magnetism than antiferromagnetic conductors on doping with Silicon. 
substances. (Delhi) The conductivity is due to presence of 
Ans. (a) Given: extra electrons. 

Mass of Al = 8.1, (iii) In antiferromagnetic substances the 
Atomic mass of Al = 27 g mol"! magnetic moments of domains are half 
No. of atoms = y x 6.022 x 10233 aligned in one direction and remaining 
81 half in opposite direction in the 

= — x 6.022 x 103 f tic field so maeneti 
27 presence of magnetic field so magnetic 
= 0.3 x 6.022 x 1023 moment will be zero while in 
= 1.8066 x 1023 ferrimagnetic substances the magnetic 
Since one f.c.c. unit cell has 4 atoms moments of domains are aligned in 
23 parallel and anti-parallel directions in 

<. No. of unit cells = — unequal numbers, hence shows some 


4.5 x 102 unit cell value of magnetic moment. 
= 4.9 X unit cells 


(b) (i) Schottky defect is shown by the ionic 


solids having very small difference in f | f | f f f | f f | | f 
their cationic and anionic radius 
whereas Frenkel defect is shown by Antiferromagnetic Ferrimagnetic 


ionic solids having large difference in 
their cationic and anionic radius. NaCl 
exhibits Schottky defect because radius 
of both Na* and Cl have very small 
difference. 
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SOLUTIONS 





QUICK REVIEW OF THE CHAPTER 





. Solution It is the homogenous mixture of two or more chemically non-reacting substances. 

. Solute The component of solution which is present in smaller amount by mass. 

. Solvent The component of solution which is present in larger amount by mass. 

. Solutions in water are called Aqueous solutions and the solutions in which water is not the solvent are called Non-aqueous 
solutions. 

. Depending upon the physical state of solvent a solution can be solid, liquid or a gas. 





Solute Solvent Type of solution Examples 


Solid Solid Solid in solid Alloys 

Liquid Solid Liquid in solid Hydrated salts, Amalgams 
Gas Solid Gas in Solid H, in Palladium 

Solid Liquid Solid in Liquid Sugar or Salt solution 
Liquid Liquid Liquid in Liquid Ethanol in water 

Gas Liquid Gas in Liquid Softdrinks, O, in water 
Solid Gas Solid in Gas I, Vapours in air 

Liquid Gas Liquid in Gas Humidity in air 

Gas Gas Gas in gas Air 





OO SIO OV see OO Doi 
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. Solubility—> The amount of solute which can be dissolved in 100g of the solvent to form the saturated solution at that 
particular temperature. 
. Concentration— It is the amount of solute dissolved in a unit volume of the solvent or solution. 
. Concentration can be expressed in many ways. 
(i) Mass percentage (w/w) = Mass oe x 100 
Total mass of solution 
Volume of solute 


Volume percentage (v/v) = - x 100 
Total volume of solution 








Mass—Volume% (w/V) = Mass of solute i x 100 
Total volume of solution 


Strength— The amount of solute in grams present in one litre of the solution. 
Unit = g/L 





Mass of solute in g 
Volume of solution in litres 
Molarity (M)— It is the number of moles of solute dissolved in one litre of the solution. 


Strength of a solution = 





_ No. of moles of solute 
Volume of solution in litre 


M = 2x1000 k no. of moles = z) 
M’ xv M 





-where [w = Given mass of solute 
Unit = mol L7! 


M = Molar mass of solute 


Molality (m)—> It is the number of moles of solute dissolved in 1000 g or 1 kg of the solvent. 
_ No. of moles of solute 
~ Mass of solvent in kg. 
-where [w = Given mass of solute 
m= a W = Mass of solvent 


MxW 
m = Molar mass of solute 


Unit = mol kg 
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. Molarity equation, 
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(v) Normality (N)— It is the number of gram equivalent of solute dissolved in one litre of the solution. 
N= No. of gram equivalent to solute 
Volume of solution in litre 





ae ...where [w = Given mass of solute 
n= vu E = Eq. mass of solute 
ExV fe aa 
V = Volume of solution in litres 


k no. of moles = z) 
m 


Unit = g eq L! 


e Equivalent mass (EM) of the element is the mass which combines with or displaces 1.008 parts by mass of hydrogen 
or 8 parts by mass of O, or 35.5 parts by mass of chlorine. 
Expressions for equivalent mass (EM) 

Atomic mass of the element 


—Equivalent mass (EM) of an element = 
Valency of the element 





Molecular mass of the acid 


—Equivalent mass (EM) of an acid = ne 
Basicity of base 





(Basicity is no. of replaceable H* ions) 
Molecular mass of the base 
Acidity of base 





— Equivalent mass (EM) of a base = 


(Acidity is no. of replaceable OH- ions) 
Molecular mass of salt 





— Equivalent mass (EM) of a salt = — 
Total positive valency on metal 


Formula mass of the ion 


— Equivalent mass (EM) of an ion = - 
Charge on the ion 





Molecular mass 
No. of electrons gained or lost 
Mole fraction (X)—> It is the ratio of no. of moles of one component to the total no. of moles of all components 
For a two component system say A — B 
nA ... where na =no. of moles of A 


— Equivalent mass (EM) of an oxidizing/reducing agent = 





X, = —4~— 
nat+ng ng = no. of moles of B 
x = —7B 
BY natng 
Sum of all components must = 1 = X, + Xg 
(vii) Part per million (ppm)-— It is the mass of the solute present in one million (10°) parts by mass of the solution. 


Mass of solute 6 
———— x10 
Mass of solution 


ppm = 


. Normality equation, N,V, = N,V, 


MiMi = Move: ...Where[n, = no. of moles of reactant 1, n, = no. of moles of reactant 2 
m 


n2 


. On mixing two non reacting solutions final normality or molarity can be given as: 


N,V, + N,V, = N; (V, + V3) 
M,V, + M,V, = M, (V, + V2) 


. Relationship between Normality & Molarity 


Molar mass ... where [yy = Normality 


N=Mx — : 
Equivalent mass M = Molarity 


. Molality and mole fraction are independent of temperature whereas molarity and normality are not. 
. Solubility of a solid in liquid depends upon three factors: 


(i) Nature of solute and solvent which follows the principle “ Like dissolves” means polar solute will dissolve in polar 
solvent and non-polar solute in non-polar solvent. 
(ii) Temperature. In exothermic reactions the solubility decreases with increase in temperature and in endothermic 
reactions the solubility increases with increase in temperature. 
(iii) Pressure. Since solids and liquids are highly incompressible so solubility of solid in liquids practically remain 
unaffected by changes in pressure. 


. Dissolution— The process of dissolving a solid solute in a liquid solvent continuously to increase its concentration. 

. Crystallisation— The process of separating out of solid solute from solution due to their collisions with solvent particles. 

. Saturated Solution— The solution in which no more solute can be added. 

. Unsaturated Solution— The solution in which more solute can be added. 

. Super Saturated Solution— The solution in which some more solute can be added only after heating and on cooling, extra 


solute crystallises out. 


. Solubility of gas in liquid also depends upon three factors: 


(i) Nature of gas and solvent. The chemically similar and interacting solute and solvent are missible with each other. 
(ii) Temperature. The solubility of gas decreases with increase in temperature. 
(iii) Pressure. Solubility of gas increases with increase in pressure. 


. Henry’s law: The mass of a gas dissolved in a given volume of liquid at constant temperature is directly proportional to the 


pressure of the gas present in equilibrium with the liquid. 
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...where [m = mass of dissolved gas 
m= kP P = Pressure of gas 
k = Proportionality constant 


. The partial pressure of a gas in vapour phase (P) is directly proportional to the mole fraction of the gas (X) in the solution. 


Ky, = Henry's constant 
Py = KyXy ...where | P, = Partial pressure of gas A 
X a = Mole fraction of gas A 


. Vapour pressure- It is the pressure exerted by the vapours in equilibrium with the liquid at a particular temperature. 

. Vapour pressure of the liquid depends upon nature of the liquid and temperature. 

. Raoult’s law— The vapour pressure of a component in a solution at a given temperature is equal to the mole fraction of that 
component in the solution multiplied by its vapour pressure when present in pure form. 


...where | P} = Partial pressure of component A 
P3 = Partial pressure of component in pure solvent 


X a = Mole fraction of component 


Or 
The partial vapour pressure of a volatile component present in a solution is directly proportional to the mole fraction of that 
component at a given temperature 
Pa = KX, (K=constant) 
. The total vapour pressure of a solution is equal to the sum of partial vapour pressure of each component present in the 
solution. 
Protal = Pa + Pg 


. Raoult’s law may be regarded as a special case of Henry’s Law in which Ky becomes equal to Pa 


According to Raoult’s Law 


P, = Pa XA 
According to Henry’s Law 

P, = Ku Xa 
. The vapour pressure of solution containing a non-volatile solute at a given temperature is equal to the product of the vapour 
pressure of the pure solvent and its mole fraction. 
. On adding a non-volatile solute to a solvent, the vapour pressure of the solution always get lowered. (Babo’s law) 
. Ideal Solution— A solution is said to be ideal if it strictly obeys Raoult’s law at all concentrations and temperatures. This is 
only possible in case of dilute solutions in which both solute and solvent have similar structure and polarities, AH pix = 0 and 
AVnix = 0 
E.g. Benzene + Toluene, n-hexane + n-heptane, Ethyl bromide + Ethyl iodide, Bromobenzene + Iodobenzene, 

Chlorobenzene + dichloromethane 

. Non-ideal solution— Non-ideal solutions are the solutions in which solute solvent interactions are different from solute 
solute and solvent solvent interactions. These solutions do not obey Raoult’s law for all concentrations and temperatures. 


e P, # PaxX, Pp # Py Xp 
e AHnix #0 
e AVnix #0 
e For non-ideal solutions the A — B interaction is different from A — A and B - B interactions. 
. There are two types of Non-ideal solutions one with positive deviation and other with negative deviation. 
. In Non-ideal solution with positive deviation the A - B interaction is less 
than the A —- A and B - B interaction. 
e AH ix = +Vve 
e AVinix = +Vve 
e The magnitude of forces of interaction is very weak. 
E.g. ethyl alcohol + cyclohexane 
Acetone + CS, 
Acetone + benzene 
Ethanol + H,O, 
Acetone + Ethanol, CCl, + CHCl, 





Vapour pressure 











Mole fraction 
of solution 
(Pure component A) (X,+X,) (Pure component B) 
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. In Non-ideal solution with negative deviation the A-B interaction is more than 


. AT, = 
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A-A and B - B interactions. 
e AHnix = Ve 
mix = Ve 
e forces of interactions increases in this case and is very strong 
E.g. CHCl, + benzene, CHCl, + dethyl ether, 
Acetone + CHCI, H,O + HCl, Acetone + anline, H,O + HNO, 


Vapour pressure 
5 
> o 











Mole fraction X, =0 
(Ky + Xp) Xgl 


. Azeotropes/constant boiling mixture or azeotropic mixture. The liquid mixture which boils at the same temperature 


without undergoing any change in composition. 


. Azeotropes are of two types i.e. Minimum boiling azeotrope and Maximum boiling azeotrope. 
. Minimum boiling azeotropes have Boiling point less than the Boiling point of either of the pure components. It is case of 


positive deviation. E.g. Alcohol and water 


. Maximum boiling azeotropes have Boiling point higher than the Boiling point of either of the pure components. It is case 


of negative deviation. 
E.g. Mixture of Nitric Acid and Water (HNO, + H,O) 


. Colligative properties These properties depend only on the number of particles of the solute dissolved in a definite 


amount of the solvent and do not depend on the nature of the solute. E.g. Relative lowering of vapour pressure, osmotic 
pressure, elevation in Boiling point, Depression in Freezing point. 


. Relative lowering of vapour pressure When a non-volatile solute is dissolved in a solvent, the vapour pressure of the 


solution is lower than that of the pure solvent. 


o = 
P -P __ m where fm = no. of moles of solvent 


P? ~ nı +n2 n = no. of moles of solute 


P? —P, 
ee 
...where | p° = vapour pressure of the pure solvent 
P, = Vapour pressure of the solution 
W, = Weight of solvent 
M; = Molar mass of the solvent 
W, = Weight of solute 
Mp» = Molar mass of the solute 


. Boiling point— It is the temperature at which the vapour pressure of the liquid becomes equal to the atmospheric pressure. 
. Elevation in boiling point When the boiling point of the solution becomes higher than that of pure solvent. 


...where ATp = Elevation in boiling point = Tp — Th 
Tp = Boiling point of solution 
Ty = Boiling point of pure solvent 
m = Molality solution 
Kp = Molal elevation constant or ebullioscopic constant 


AT, =T,- T? 


. Molal elevation constant or molal ebullioscopic constants— Elevation in boiling point for one molal solution i.e. 1 mole of 


solute dissolved in 1kg of the solvent. 





_ MRIS 


AT, =K, Gfm=1 = 
gy m=) 100A vapH 











unit of K, = °c/m or k/m or k kg mol"! 


1000K,w> 
wıM2 


...where [M 2 = Molecular mass of solute 


_ 1000Kpw2 w = Mass of solvent 


2 wi ATp 





W2 = Mass of solute 


. Freezing point— It is the temperature at which the solid and the liquid forms of the substance are in equilibrium i.e. the 


solid and the liquid forms of substance have same vapour pressure. 
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47. Depression in Freezing point The decrease in 


freezing point of the solution than that of pure 
solvent. 


ATp= Ty -Ty AT; =K;x m 


...where ATs = Depression freezing point 


K f =Molal depression constant 


. Molal depression constant or cryoscopic constant 
(K)— Depression in Freezing point for one molal 
solution i.e. 1 mole of solute dissolved in 1 kg of the 
solvent 


... where AT = Depression in freezing point 


AT p= Tr - T; T = Freezing point of pure solvent 


Tf = Freezing point of solution 
unit of kp= k/m or k kg mol 


- MRT 
f  1000AH fus 


...where [M; = Molecular mass of solvent 
R = Gas constant 
To = Freezing point of pure solvent 
AH fus = Latent heat of fusion / mole of solvent 


1000 x K f x w2 
ATf xw 


...where [wy = Mass of solute 
w = Mass of solvent 
ATr = Freezing point depression 


Mə =Mol. mass of solute 


. Osmosis— The spontaneous movement of the solvent 
molecules from the solvent to the solution or from a 
less concentrated solution to a more concentrated 
solution through a semipermeable membrane. 
. Exosmosis— When the membrane permits the solvent 
molecules to come out through the semipermeable 
membrane. 
. Endosmosis When the membrane permits the 
solvent molecules to enter inside the membrane. 
. Osmotic pressure The excess hydrostatic pressure 
that develops due to osmosis at a particular 
temperature. 

Or 
The minimum excess pressure that has to be applied 
on the solution to prevent the entry of the solvent into 
the solution through the semipermeable membrane. 
n = CRT 


...where | = Osmotic pressure 
C = Concentration of solution 
T = Temp. of solution 
n = No. of moles of solute 
V = Volume of solution 


This is known as Van’t Hoff equation for dilute 
solutions. 

. Relationship between osmotic pressure and molecular 
mass of solute 


...where |w, = Mass of solute 


W,RT 
2 R = Gas constant 


2 nxV 


V = Volume of solution 
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. Reverse osmosis— If a pressure higher than the 


osmotic pressure is applied on the solution, the 
solvent will flow from the solution into the pure 
solvent through the semi-permeable membrane. This 
is used in desalination of sea water. 


. Isotonic solution— The two solutions having same 


osmotic pressure and same molar concentration. 


. Hypertonic Solution The solution having higher 


solute concentration than other one. 


. Hypotonic Solution The solution having lower 


solute concentration or osmotic pressure than the 
other one. 


. Abnormal molecular mass— When the molecular 


mass of a substance determined through colligative 
property will be different from the theoretically 
expected value. 


. Abnormality in masses can be studied under 


association and dissociation of solute particles. 


. Van’t Hoff factor— It is the ratio of the observed value 


(experimental) of a colligative property to the Normal 
value (calculated) of same property. 


Observed Value of Colligative Property 
Normal Value 


i= 





. Degree of association— Fraction of the total 


substance which exists in the form of associated 
molecules. 


No. of moles associated 
Total no. of moles taken 





Relationship with i can be given as o = a 


Ssi 
n 


Here i< 1 


. Degree of dissociation—> Fraction of the total 


substance that undergoes dissociation. 


No. of moles dissociated 


Degree of dissociation (a) = 
Total no. of moles taken 





gate! Here i< 1 
n-1 


. Since colligative property is inversely proportional to 


the molecular mass of solute so Van’t Hoff factor (i) 
will become 

Normal (calculated) molecular mass 

Abnormal (Observed) molecular mass 





Me 
Mo 


i= 


. Colligative properties in terms of association & 


dissociation. 
¢ Relative lowering of vapour pressure 


0 
ie = 8 -ix2 
e Elevation in Boiling point 
AT, = ik,m 

e Depression in Freezing point 
AT p= i kpm 

e Osmotic pressure 
AT;= i kpm 


n=iŻRT 
V 
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Previous Years’ CBSE Examination Questions 


Very Short Answer Type Questions (VSA) 
(1 Mark) 


1. Differentiate between molarity and molality of a 
solution. (All India) 

Ans. Refer to Q. 8, Page 22 
2. What type of semiconductor is obtained when 
silicon is doped with arsenic? (Delhi) 


Ans. n-type semiconductor. 





3. What is meant by ‘reverse osmosis’? (All India) 

Ans. If a pressure higher than the osmotic pressure is 

applied on the solution, the solvent will flow from 

the solution into the pure solvent through 

semipermeable membrane. This process is called 
reverse osmosis (R.O.). 





4. What are isotonic solutions? (Delhi) 

Ans. An isotonic solution is a kind of solution with the 

same salt concentration as blood and cells. Those 

solutions which are exerting same osmotic 

pressure under similar conditions (For example 

0.9% NaCl solution by mass volume is Isotonic 
with human blood). 

5. Some liquids on mixing form ‘azeotropes’. What 

are ‘azeotropes’? (Delhi) 
The liquid mixture having a definite composition 
and boiling like a pure liquid without change in 
composition is called as azeotrope. 
6. What type of intermolecular attractive interaction 
exists in the pair of methanol and acetone? (Delhi) 
Solute-solvent dipolar interactions exist in the 
pair of methanol and acetone. 


Ans. 


Ans. 





7. Out of BaCl, and KCI, which one is more 
effective in causing coagulation of a negatively 
charged colloidal Sol? Give reason. (Delhi) 
BaCl, is more effective in causing coagulation 
because it has double +ve charge than K+. 


Short Answer Type Questions-I (SA-ID 


(2 marks) 


Ans. 


8. Differentiate between molality and molarity of a 
solution. What is the effect of change in 
temperature of a solution on its molality and 
molarity? (Delhi) 

Ans. Distinction between molarity and molality. 
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Molarity : It is the number of moles of solute 
dissolved in 1 litre of solution. It is temperature 
dependent. 

œ x 1000 


mol.mass x V 
Molality : It is the number of moles of solute 


dissolved in 1 kg of the solvent. 











_ © x 1000 
M, xW 
The relationship between molarity and molality is 
me M 
joe 
1000 
When molality = molarity, we get 
1 MM 
1= — ord- 2=1 
PLE 1000 
1000 
M 
E 
1000 
Molarity is temperature dependent while 


molarity is not. 

For very dilute solution, the factor MM,/1000 can 
be neglected in comparison to 1. 

Hence molality will be same to molarity when 
density d = 1. 

Molality is independent of temperature, whereas 
molarity is a function of temperature because volume 
depends on temperature and mass does not. 





9. Non-ideal solutions exhibit either positive or 
negative deviations from Raoult’s law. What are 
these deviations and why are they caused? 
Explain with one example for each type.(Delhi) 

Ans. Non-ideal solutions exhibit Negative deviation 
from Raoult’s law : For any composition of the 
non-ideal solution, the partial vapour pressure of 
each component and total vapour pressure of the 
solution is less than expected from Raoult’s law. 
Such solutions show negative deviation. 
Example : Mixture of CHCl, and acetone. 





x, =0 Mole fraction x, = 1 
%=1 x% > x% =0 
g= Xa 
Non-ideal solutions show positive deviations 
from Raoult’s law on mixing of two volatile 
components of the solution. 
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10. 


Ans. 


Example : Mixture of acetone and benzene 
solutions show positive deviation. 

Define the terms, ‘osmosis’ and ‘osmotic pressure’. 
What is the advantage of using osmotic pressure 
as compared to other colligative properties for the 
determination of molar masses of solutes in 
solutions? (All India) 
Osmosis : The net spontaneous flow of the 
solvent molecules from the solvent to the solution 
or from a less concentrated solution to a more 
concentrated solution through a semipermeable 
membrane is called osmosis. 

Osmotic pressure : The minimum excess pressure 
that has to be applied on the solution to prevent 
the entry of the solvent into the solution through 
the semipermeable membrane is called the 
osmotic pressure. 

The osmotic pressure method has the advantage 
that it uses molarities instead of molalities and it 
can be measured at room temperature. 





11. 


Ans. 


12. 


Ans. 


13. 


Ans. 


A 1.00 molal aqueous solution of trichloroacetic 
acid (CC1,COOH) is heated to its boiling point. 
The solution has the boiling point of 100.18°C. 
Determine the van't Hoff factor for 
trichloroacetic acid. (K, for water = 0.512 K kg 
mol!) (Delhi) 
As AT, = ik,m 

(100.18 — 100) °C = i x 0.512 K kg mol! x 1 m 

0.18 K = i x 0.512 K kg mol! x 1 m 

i = 0.35 
Define the following terms : 

(i) Mole fraction (ii) Isotonic solutions 
(iii) van't Hoff factor (iv) Ideal solution 
(Delhi) 

(i) Mole fraction : Mole fraction is the ratio of 
number of moles of one component to the 
total number of moles in a mixture. 

(ii) Isotonic solution : Two solutions having 
same osmotic pressure at a given 
temperature are called Isotonic solutions. 

(iii) van't Hoff factor : van't Hoff factor is 
expressed as : 


normal molar mass 





abnormal molar mass 
(iv) Ideal solution : The solution which obeys 
Raoult’s law under all conditions is known as 
an ideal solution. 
Explain why aquatic species are more 
comfortable in cold water rather than in warm 
water. (Comptt. Delhi) 


Aquatic species need dissolved oxygen for 
breathing. As solubility of gases decreases with 
increase of temperature, less oxygen is available in 


Q 
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Ans. 


15. 


Ans. 


16. 


Ans. 
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summer in the lake. Hence the aquatic species feel 
more comfortable in winter (low temperature) when 
the solubility of oxygen is higher. 
State Raoult’s law. How is it formulated for 
solutions of non-volatile solutes? 
(Comptt. Delhi) 

Raoult’s Law : Raoult’s Law states that “for a 
solution of volatile liquids, the partial vapour of each 
component in the solution is directly proportional to 
its mole fraction”. 
Thus for component 1: p, = p} X, 

where [p,° is vapour pressure of pure component 1] 
For component 2 : p, = p} X, 
According to Dalton’s law of partial pressure 

Prota = Pi + P2 = Py = pX + pX, 

=> Py = pil - X,) + prX, 
=> Py =p, + pr- pX, 
State Henry's law and mention two of its 
important applications. (Comptt. All India) 
Henry's law : Henry's law states that “The partial 
pressure of the gas in vapour phase is proportional to 
the mole fraction of the gas in the solution”. 
Applications of Henry’s law : 

(i) To increase the solubility of CO, in soft 
drinks and soda water, the bottle is sealed 
under high pressure. 

(ii) To avoid a dangerous medical condition 
called bends, scuba divers use oxygen 
diluted with less soluble helium gas. 

Why do gases nearly always tend to be less soluble 
in liquids as the temperature is raised? 

(Comptt. All India) 
This is because the dissolution of gas in liquid is 
an exothermic process. The solubility should 
decrease with increase in temperature. 








17. 


Ans. 


18 g of glucose, C,H,,O, (Molar mass = 180 g 
mol-) is dissolved in 1 kg of water in a sauce pan. 
At what temperature will this solution boil? 
(Kb for water = 0.52 K kg mol", boiling point of 
pure water = 373.15 K) (Delhi) 
We know that : 
Elevation of boiling point AT, 
Wz 100xK, 
Mg, ` wt. of solvent 
Given: W, = 18 g 

M, = Formula of glucose is C,H,,0, 

= 6 x 12 + 12 + 6 x 16 = 180 

Wt. of solvent = 1 kg or 1000 g, 
K, = 0.52 K kg mol! 
18g _ 1000 x 0.52 








Hence, AT, = T80 1000 5 = 0.052 K 
B.P of the solution = 373.15 + 0.052 
= 373.202 K 
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18. 


Ans. 


19. 


Ans. 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


An aqueous solution of sodium chloride freezes 
below 273 K. Explain the lowering in freezing 
points of water with the help of a suitable 
diagram. (Comptt. Delhi) 


An aqueous 
solution of 
sodium chloride 
freezes below 
273K because 
vapour pressure 
of the solution is 
less than that of 
the pure solvent. 
Derive expression for Raoult’s law when the 
solute is non-volatile. (Comptt. Delhi) 
Raoult’s law : Raoult’s law states that “ 





Vapour pressure 








Temperature —> 


or a 
solution of volatile liquids, the partial vapour pressure 
of each component in the solution is directly 
proportional to its mole fraction”. 
Thus for component 1 : p, = p} X, 

where [p,° is vapour pressure of pure component 1] 
For component 2 : p, = p} X, 
According to Dalton’s law of partial pressure 

Protal = Pi + Po > Py = pX; + pX, 

=> Py =p, - X) + pX, 


Py = p? + (p? - py)X, 





20. 


Ans. 


21. 


Ans. 


22. 


Ans. 


Calculate the mass of compound (molar mass = 
256 g mol) to be dissolved in 75 g of benzene 
to lower its freezing point by 0.48 K (K; = 5.12 K 





kg mol"). (Delhi) 
Given : AT; = 0.48 K, W,=75 8, 
M, = 256 g mol! 
K; = 5.12 K kg mol! Wy, =? 
M, xW, x AT 

Using formula, W, = e set a 

1000 x K 

_ 256x75x0.48 _ 18 g 
1000 x 5.12 


Define an ideal solution and write one of its 
characteristics. (Delhi) 
Those solutions which are obeying Raoult’s law 
are called ideal solutions. An ideal solution is a 
solution in which no volume change and no 
enthalpy change takes place on mixing the solute 
and the solvent in any proportion. 
Characteristic of an ideal solution : 
There will be no el in enthalpy AH 
AV nix = 9, AP mix = 9 


State SN law, What is the effect of 
temperature on the solubility of a gas in a 
liquid? (Delhi) 
Henry’s law : Henry’s law states that, “The 
solubility of a gas in a liquid at a particular 


=0, 


mixing 
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Ans. 


24. 


Ans. 


25. 


Ans. 


temperature is directly proportional to the pressure of 
the gas in equilibrium with the liquid at that 
temperature.” 
Solubility of gas decreases with increase of 
temperature at the same pressure. 
State Raoult’s law for the solution containing 
volatile components. What is the similarity 
between Raoult’s law and Henry’s law? (Delhi) 
Raoult’s law : “In a solution, the vapour pressure of 
a component at a given temperature is equal to the 
mole fraction of that component in the solution 
multiplied by the vapour pressure of that component in 
pure state.” 
Similarity between Raoult’s law and Henry’s law 
is that the partial pressure or vapour pressure of 
the volatile component (gas) is directly 
proportional to the mole fraction of that 
component in the solution. 
How is the vapour pressure of a solvent affected 
when a non-volatile solute is dissolved in it? 
(Comptt. Delhi) 

The vapour pressure of a solvent decreases when 
a non-volatile solute is dissolved in it because 
some solvent molecules are replaced by the 
molecules of solute. 
Differentiate between molarity and molality of a 
solution. How can we change molality value of 
a solution into molarity value? (Comptt. Delhi) 
Refer to Q. 8, Page 22 
Molanty (M) and Molality (m) relationship : 
< Molarity is M moles of solute present in 
1000 mL solution 
If density of solution is d g mL-!, then 
Mass of solution = 1000 d g 
Mass of solute = MM, 

(M, is molar mass of solute) 
Mass of solvent = 1000 d - MM, g 

Moles of solute 














Thus molality (m) = x 1000 
Mass of solvent 
-=-— io 
1000d - MM, 
| 1000M 
1000d - MM, 
M 
= d-MM,7/1000 
or m |d- MMs. =M 
1000 
or md- MMM 2 M 
1000 
or M {1+ mM; = md 
1000 
md 


~ 1+mM, /1000 
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Ans. 


27. 


Ans. 


28. 


Ans. 


29. 


Ans. 


30. 


What is meant by positive deviations from 
Raoult’s law? Give an example. What is the sign 
of AnixH for positive deviation? (Delhi) 
In positive deviations, the partial vapour pressure 
of each component A and B of a solution and the 
total pressure of the solution is higher than the 
vapour pressure calculated from Raoult’s law. 
For example, Water and Ethanol. 
In case of positive deviations, A,,.H > 0 (Positive) 
Define azeotropes. What type of azeotrope is 
formed by positive deviation from Raoult’s law? 
Given an example. (Delhi) 
Azeotropes Liquid mixture which distills 
without change in compositions are called 
azeotropic mixtures or Azeotropes. 
In positive deviations from Raoult’s law, 
minimum boiling point azeotropic mixture is 
formed. For example, 95% ethanol + 5% water. 
(i) On mixing liquid X and liquid Y, volume of 
the resulting solution decreases. What type 
of deviation from Raoult’s law is shown by 
the resulting solution? What change in 
temperature would you observe after 
mixing liquids X and Y? 
(ii) What happens when we place the blood cell 
in water (hypotonic solution)? Give reason. 
(All India) 
(i) Volume decreases by mixing X and Y. It 
shows negative deviations from Raoult’s 
law. There will be rise in temperature. 
(AH nix < 9) 
(ii) Blood cell will swell due to osmosis as water 
enters the cell. 
Define osmotic pressure of a solution. How is 
the osmotic pressure related to the concentration 
of a solute in a solution? (Comptt. Delhi) 
Osmotic pressure : It is the external pressure 
which is applied on the side solution which is 
sufficient to prevent the entry of the solvent 
through semi-permeable membrane. 
According to the Boyle-van’t Hoff Law, the 
osmotic pressure (1) of a dilute solution is directly 
proportional to its molar concentration provided 
temperature is constant. 


To C (At constant temperature) 
m œ CT (At constant concentration) 
m= CRT (R = Solution constant) 
or, T= ERT 
v 


Define the following terms : 
(i) Mole fraction (x) 
(ii) Molality of a solution (m) 
(Comptt. All India) 
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Chapter 2 : SOLUTIONS 25 


(i) Mole fraction : Mole fraction of a constituent 
is the fraction obtained by dividing number 
of moles of that constituent by the total 
number of moles of all the constituents 
present in the solution. It is denoted by ‘x’. 

No.of moles of x4 _ 

Total no. of moles 


NX, 


Example : x, = 
NX, + NX5 





(ii 


wa 


Molality of a solution : Molality of a solution 
is defined as the number of moles of the 
solute dissolved in 1000 grams (1 kg) of the 
solvent. It is denoted by ‘m’. 

_ wx 1000 

~ MxWw 


...where [w = Weight of solute in grams 
M = Molecular mass of solute 


W = Weight of solvent in grams 





31. 


Ans. 


32. 


Ans. 


33. 


Ans. 


=~ 
GP 
<~ 


Gas (A) is more soluble in water than Gas 
(B) at the same temperature. Which one of 
the two gases will have the higher value of 
Ky (Henry’s constant) and why? 

In non-ideal solution, what type of 
deviation shows the formation of maximum 
boiling azeotropes? (All India) 
Gas (B) will have higher value of Ky 
(Henry’s constant) than Gas (A) at the same 
temperature because lesser the solubility of a 
gas in a given solvent, higher will be the 
value of K,, for a gas. 


(ii) 


— 
~, 
wa 


Partial pressure of gas 





H Mole fraction of gas in the solution 


(ii) Negative deviations from Raoult’s law show 


the formation of maximum boiling 
azeotropes. 
What is osmotic pressure? Why it is a 


colligative property? (Comptt. Delhi) 
The excess pressure applied on solution side to 
stop the process of osmosis. Because it depends 
upon the number of solute particles but not on 
their nature. 

Define osmotic pressure. How is osmotic 
pressure related to the concentration of a solute 
in a solution? (Comptt. All India) 
Osmotic pressure is the measure of excess pressure 
applied on solution side to stop the process of 
osmosis. Osmotic pressure is directly proportional 
to the conentration of solute in solution 

T oœ C 








34. 


Define the following terms: (Delhi) 
(i) Colligative properties 


(ii) Molality (m) 


WW.JEEBOOKS.IN 


26 


Ans. 


35. 


Ans. 


36. 


Ans. 


37. 


Ans. 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


(i) Colligative properties. All those properties 
which depend on the number of solute 
particles irrespective of the nature of solute 
are called as colligative properties. 

(ii) Molality (m). Number of moles of solute 
dissolved per kg of the solvent. 

Define the following terms: 

(i) Abnormal molar mass 

(ii) van’t Hoff factor (i) (Delhi) 

(i) Abnormal molar mass. If the molar mass 
calculated by using any of colligative 
properties tends to be different than 
theoretically expected molar mass, it is called 
abnormal molar mass. 

(ii) van’t Hoff factor (i). Extent of dissociation or 
association or ratio of the observed 
colligative property to calculated colligative 
property. 

Observed colligative property 





Theoretical colligative property 
Define the following terms: 
(i) Ideal solution 
(ii) Molarity (M) 
(i) Ideal solution. The solution that obeys Raoults 
Law over the entire range of concentration. 
(ii) Molarity is the number of moles of solute 
dissolved per litre of solution or 


Wp X 1000 
M, x Volume (mL) 





Explain why on addition of 1 mol of glucose to 
1 litre of water, the boiling point of water 
increases. (Comptt. Delhi) 


Refer to Q. 84 (a), Page 36 


Short Answer Type Questions-Il (SA-ID 


(3 Marks) 





38. 


Ans. 


Q 


100 mg of a protein is dissolved in just enough 
water to make 10.0 mL of solution. If this solution 
has an osmotic pressure of 13.3 mm Hg at 25°C, 
what is the molar mass of the protein? 
(R = 0.0821 L atm mol"! K+ and 760 mm 
Hg = 1 atm.) (Delhi & All India) 
Given : 

w = 100 mg = 0.100 = 0.1 g, 

V = 10.0 mL = 0.01 L 


T = 13.3 mm Hg = Bass atm, 
760 
T = 25°C = 25 + 273 = 298 K 


R = 0.0821 L atm mol! K=, M 


I 
~ 
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Ans. 











; wRT 
Usir la: M= 
sing formula N 
0.1 x 0.0821 x 298 x 760 
> M= 
13.3 x 0.01 
s Mea 2S aA 
0.133 


Molar mass, M = 13980.4 g mol 

Calculate the freezing point depression expected 
for 0.0711 m aqueous solution of Na,SO,. If this 
solution actually freezes at - 0.320°C, what 
would be the value of Van't Hoff factor? (K; for 
water is 1.86°C mol") (Delhi) 
Given : Molality, m = 0.0711 m 
AT, = -0.320°C K; = 1.86°C 
Substituting these values in the formula, we get 
AT 

f 


i=? 


AT, =1K,;m ori= Kym 
-0.320 _ 
0.132246 


¡= -0320 _ 
or 1.86 x 0.0711 





-2.4 
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Ans. 


41. 


Ans. 


42. 


A solution prepared by dissolving 1.25 g of oil 
of winter green (methyl salicylate) in 99.0 g of 
benzene has a boiling point of 80.31°C. 
Determine the molar mass of this compound. 
(B.P. of pure benzene = 80.10°C and K, for 
benzene = 2.53°C kg mol). (Delhi) 
Given : w, = 1.25 gw, = 99 g 
AT,, = 80.31 — 80.10°C = 0.21°C 
K, = 2.53°C kg mol"! 
According to the formula : 
1000K, w, 
w, AT, 
Substituting these values in the formula, we get 
M. = 1000 x 2.53 x 1.25 _ 3162.5 
A 99 x 0.21 20.79 
= 152 g mol 
A solution of glycerol (C,H,O, ; molar mass = 92 g 
mol) in water was prepared by dissolving some 
glycerol in 500 g of water. This solution has a 
boiling point of 100.42 °C. What mass of glycerol 
was dissolved to make this solution? K, for water 
= 0.512 K kg mol”. (Delhi) 
Given : M, = 92 g mol! w, = 500 g 
AT, = 100.42 °C — 100 °C = 0.42 °C, 
K, = 0.512 K kg mol! 
Substituting above values in the formula 
AT, = OK, w? 
w, X M, 
Wy = w, M, AT, 
1000K, 
19320 


- 120 = 47.93 
512 8 


What mass of NaCl (molar mass = 58.5 g mol") 
must be dissolved in 65 g of water to lower the 
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_ 500 x 92 x 0.42 
1000 x 0.512 





Ans. 


43. 


Ans. 


44. 


Ans. 


freezing point by 7.5°C? The freezing point 
depression constant, K,, for water is 1.86 K kg 
mol. Assume van’t Hoff factor for NaCl is 1.87. 
(All India) 
Given: M,=585gmol! w,=65¢ 
AT, = 7.5 °C Ky = 1.86 K kg mol? 7 = 1.87 
Substituting these values in the formula 
z w X 1000 
AT; = iK; m AT; = iK; A 
5 =i87 x ise 2 
58.5 x 65 
7.5 x 58.5 x 65 
1.87 x 1.86 x 1000 
28518.75 _ 8.199 
3478.2 
Mass of NaCl to be dissolved, w, = 8.199 g 
What mass of ethylene glycol (molar mass = 62.0 
g mol) must be added to 5.50 kg of water to 
lower the freezing point of water from 0° C to 
-10.0° C? (K, for water = 1.86 K kg mol")? 
(All India) 


Or Wy = 





Or Wy = 


According to the formula : 
1000 x K; x w3 
w x AT; 
where [M, = 62, w, = 5.50, K; = 1.86 
Substituting the values in the formula, we get 
62 = 1000 x 1.86 x wy 
1000 x 5.50 x 10 
62 x 5.50 x 10 x 1000 _ 
1.86 x 1000 
= 1833 gm = 1.833 kg 
Mass of ethylene glycol, w, = 1.833 kg 
15 g of an unknown molecular substance was 
dissolved in 450 g of water. The resulting 
solution freezes at —0.34° C. What is the molar 
mass of the substance? 
(K; for water = 1.86 K kg mol) (All India) 
Given : w,=15¢g, w,=450¢ 
AT, = —0.34° CK, = 1.86 K kg mol! 
Substituting these values in the formula, 


_ 1000 x Ky wz _ 1000 x 1.86 x 15 
2 w, AT; a R 450 x 0.34 


2 








3410 
1.86 





Or w, = 


M, =? 





or M, = — = 182.53 


Molar mass of the substance, M, = 182.53 g 
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Ans. 


What mass of NaCl must be dissolved in 65.0 g of 
water to lower the freezing point of water by 7.5°C? 
The freezing point depression constant (K,) for 
water is 1.86°C/m. Assume van't Hoff factor for 
NaCl is 1.87. (Molar mass of NaCl = 58.5 g) 

(All India) 


Refer to Q. 42, Page 26 
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46. 


Ans. 


47. 


Ans. 


48. 


Ans. 


49. 


Ans. 


Calculate the amount of KCl which must be 
added to 1 kg of water so that the freezing point 
is depressed by 2K. 

(K, for water = 1.86 K kg mol") (Delhi) 
Since one mol of KCl gives 2 mole particles, 
the value of i = 2, AT, = 2K, K; = 1.86 kg mol! 





f 
Applying equation, AT, = iK, m 
AT 
s La car eme 
iK, 2x1.86 1.86 
0.54 mole of KCI should be added to 1 kg of 
water 


Molar mass of KCI = 39 + 35.5 = 74.5 g 
. Amount of KCI = 0.54 x 74.5 g = 40.05 g 
A solution of glycerol (C,H,O,) in water was 
prepared by dissolving some glycerol in 500 g of 
water. This solution has a boiling point of 100.42 
°C while pure water boils at 100 °C. What mass 
of glycerol was dissolved to make the solution? 








(Delhi) 
AT, = (100.42 — 100)°C = 0.42°C or 0.42 K 
AT, = K, m 
gmp = 0.512 x 2 x 1000 
92 ~ 500 
W, = 042%92%500 483 _ a7 7 
0512x1000. 0.128 


where W, is the weight of the solute. 

15.0 g of an unknown molecular material was 
dissolved in 450 g of water. The resulting 
solution was found to freeze at — 0.34 °C. What is 
the molar mass of this material? 














(K; for water = 1.86 K kg mol") (Delhi) 
As AT; = K;x m 
T? - T,= 1.86 K kg mol! x 8 x 1000 
M 450kg 
[0 - (-0.34)] K = 1.86 K kg mol! x178 x 1000 
g 
M 450kg 
M = 1.86 K kg mol! x —28_ x 1000 
0.34K  450kg 
xl 
ke 3.86198 x48? 1000 199 
PI 


M= a = 182 g mol 
.. Molar mass of material, M = 182 g mol 
A solution containing 30 g of non-volatile solute 
exactly in 90 g of water has a vapour pressure of 
2.8 kPa at 298 K. Further 18 g of water is added 
to this solution. The new vapour pressure 
becomes 2.9 kPa at 298 K. Calculate 

(i) the molecular mass of solute and 

(ii) vapour pressure of water at 298 K. 
(Comptt. Delhi) 





For a very dilute solution 





ane T-T MOR 
Pe Max Wa 
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Ans. 


51. 


Ans. 











Shiv Das Chapterwise Question Bank (Chemistry XII) 
P°-28 30x18 _ 6 (i 
PP Mg x90 Mg Ei 
ma E a aa ii) 
Pe Mg x108 Mg 
MEESTE ; w P°-28 6 
Divid b i t => 
ividing (i) by (ii), we ge TE 


= 5P°-14=6P°-174 => -P°= -34 
= Vapour pressure, P° = 3.4 kPa 
Putting this value in equation (i), we get 
34-28 6 
34 Mp 
Molecular mass, Mx = 34 g/mol 
If N, gas is bubbled through water at 293K, how 
many millimoles of N, gas would dissolve in 1 
litre of water? Assume that N, exerts a partial 
pressure of 0.987 bar. Given that Henry's law 
constant for N, at 293K is 76.48 k bar. 
(Comptt. All India) 


= 0.6 Mz = 20.4 


p = Kyx (Henry's law) 








1 = p _ 0.987bar _ 1.29 x 105 
Ky 76.480bar 
1000 
=—— = 55.5 
NH O 18 
aE NNa) NNa) 
Nd Hayy) *NG,0) N) +555 
[n No <<< 55.5] 
It is neglected in denominator 
1.29 x 105 = 202 
55.5 


MN) = 1.29 x 10° x 55.5 = 7.16 x 10+ mol 


“. In millimoles 7.16 x 10+ x 1000 = 0.716 m mol 
The partial pressure of ethane over a saturated 
solution containing 6.56 x 107 g of ethane is 1 
bar. If the solution contains 5.0 x 107 g of 
ethane, then what will be the partial pressure of 
the gas? (Comptt. All India) 
Applying the Henry’s law, m = Ky x p 
In first case, 6.56x10 = K,,x1 
Ky = 6.56 x 10% g bar"! 
Putting the value of K,, in the second case, we get 
5 x 10% g = 6.56 x 10° g bar! x p 
5x107? 
6.56 x 10 g bar 





p= = 0.762 bar 





52. 


Ans. 


Q 


Determine the osmotic pressure of a solution 
prepared by dissolving 2.5 x 107 g of K,SO, in 
2L of water at 25° C, assuming that it is 
completely dissociated. 

(R = 0.0821 L atm K molt, Molar mass of 
K,SO, = 174 g mol}). (Delhi) 


n=i@RT 37ra 


We know, y 
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Ans. 


=> t= ix@ x SRT 

Given: w = 2.5 x 107 g = 0.025 g 

V = 2L, T = 25°C = 298 K 

M = K,SO, = 2 x 39 + 32 + 4 x 16 = 174 g mol 





K,SO, dissociates completely as K,5SO, —> 
2K* + SO,^ 
ie, 1=3 


1 
xT X 0.0821 L atm 
K-t mol! x 298 K 


Ions produced = 3 
0.025 


Hence, m = 3 x = 
174 g mol 





n = 527 x 10° atm 
The partial pressure of ethane over a saturated 
solution containing 6.56 x 107 g of ethane is 1 
bar. If the solution were to contain 5.0 x 107 g of 
ethane, then what will be the partial pressure of 
the gas? (Comptt. Delhi) 
Refer to Q. 51, Page 28 





54. 


Ans. 


Some ethylene glycol, HOCH,CH,OH, is added 
to your car’s cooling system along with 5 kg of 
water. If the freezing point of water-glycol 
solution is -15.0°C, what is the boiling point of 
the solution? 

(K, = 0.52 K kg mol and 

K, = 1.86 K kg mol for water)(Comptt. Delhi) 
Given : AT, = 0- (-15) = +15° Cw, = 5 kg = 5000 g 

K; = 1.86 K kg mol! K, = 0.52 K kg mol! 





; 1000 x Ky X Wo 
Using Formula: AT; = w xM, 
aa Me _ 4155000 x62 
2 1000 x Ky 1000 x 1.86 
w, = 2500 gm, 
2500° x 1000 
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Ans. 


3.9 g of benzoic acid dissolved in 49 g of 
benzene shows a depression in freezing point of 
1.62 K. Calculate the Van’t Hoff factor and 
predict the nature of solute (associated or 
dissociated). 

(Given : Molar mass of benzoic acid = 122 g 
mol", K; for benzene = 4.9 K kg mol") (Delhi) 
AT, = iK, x m 





1 
are ae 
f f mM, XW, 
162 =ix49 x 22 x100 
122 49 
162x122 x 49 
= F9x3.9x 1000 
; = 9684.36 _ 9 ang 





19110 
As i < 1, therefore solute gets associated. 
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56. A solution is prepared by dissolving 10 g of 
non-volatile solute in 200 g of water. It has a 
vapour pressure of 31.84 mm Hg at 308 K. 
Calculate the molar mass of the solute. 
(Vapour pressure of pure water at 308 K = 32 


mm Hg) (All India) 
0 = 
Ans P olvent P olvent = Wolute x M.olvent 
p? solute solvent 


solvent 


32.00 - 31.84 _— 10 18 
32 M 


8 _ 016 9 
200° 32 ~ 10M 








solute solute 


= 32%9 _ 180 g/mol 


solute “T6 
57. 45 g of ethylene glycol (C,H,O,) is mixed with 
600 g of water. Calculate 
(i) the freezing point depression and 
(ii) the freezing point of the solution 
(Given : K; of water = 1.86 K kg mol") 
(Comptt. Delhi) 
(i) Given : w = 45 g, W = 600 g, 
K; = 1.86 K kg mol, AT, =? 
Using the formula for freezing point 
depression, 


Ans. 


w x 1000 
mx W 


m of ethylene glycol (C,H,O,) 
=2x12+6x1+2x 16 
= 24+ 6 + 32 = 62 g mol! 
Substituting above values in formula, 


_ 1.86 K kg mol"! x 45g x 1000 g ke“! 





AT; = K; 


AT 





f 62 g mol”! x 600g 
_ 837 
~ 372 
AT, = 2.25 K 


(ii) AT, =T? - Ty 
where, T = Freezing point of pure water 
= 2.25 K = 273.15 K - T; 


= T = 273.15 — 2.25 K 
T; = 270.9 K (Freezing point of the 
solution) 


58. A 5 percent solution (by mass) of cane-sugar 
(M.W. 342) is isotonic with 0.877% solution of 
substance X. Find the molecular weight of X. 

(Comptt. All India) 
Ans. Given : W (mass) of cane-sugar = 5% means 5 g 
Molar mass of cane-sugar (M) = 342 g mol"! 
Mass of isotonic substance X 
= 0.877% means 0.877 g 
Molar mass of X = ? 
Using formula, 
=x 58 
342 g mol! 


_ 0.877 g 
Mx 


Weane sugar _ 





Mx 


cane sugar 
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0.877 g x 342g mol`! _ 299.934 g mol! 
5g B 5g 
My = 59.9 = 60 g mol 


or My, = 











59. 


Ans. 


60. 


Ans. 


61. 


Calculate the boiling point of solution when 4 g 
of MgSO, (M =120 g mol") was dissolved in 100 
g of water, assuming MgSO, undergoes 
complete ionization. 

(K, for water = 0.52 K kg mol) (All India) 
Since MgSO, is an ionic compound, so undergoes 
complete ionisation in the following way: 


MgSO, — > Mg** + SO 
Initial moles 1 0 0 


After dissociation 0 1 1 
Total number of moles = 1 + 1 = 2 


Thus i= 2 =2 


Using formula: AT, = iK, m k m= 271 | 
M2 XW 

TEN liye ee ce 
Wy xMo 

lim = 2 x 0.52 x 2% 1000. 
100 x 120 

Ai ER 

12000 


Boiling point of water = 373.15 K 

T,= T,° + AT, = 373.15 K + 0.346 K 

= 373.496 K 
Calculate the mass of a non-volatile solute 
(molecular mass 40) which should be dissolved 
in 114 g octane to reduce the vapour pressure to 








80%. (Comptt. Delhi) 

0 = 

pop. Xa Let p° = 100 mm Hg 

X 

P B 
0 = 

P-P- Wes, Ma p = 80 mm Hg 
p Mg Wa 

20 Wg 114 g mol! 

100 40g mol” 114 


20 
W, = — x40=8 
B 100 8 


An aqueous solution of 2 percent non-volatile 

solute exerts a pressure of 1.004 bar at the 

boiling point of the solvent. What is the 

molecular mass of the solute? 

[Vapour pressure of water = 1.013 bar] 
(Comptt. All India) 





p’-p _ Wp y Ma 

p? Mpg Wa 

(1.013-1.004)_ 2 ¢x18 g mol 
1.013 Mz x 98g 
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(For dilute solution) 

















30 Shiv Das Chapterwise Question Bank (Chemistry XII) 
_ 2x18x1.013 | no 
B= “ooo9xe8 © 
M; = 41.3 g mol 
62. A 10% solution (by mass) of sucrose in water has 
freezing point of 269.15 K. Calculate the freezing 
point of 10% glucose in water, if freezing point 
of pure water is 273.15 K. 
Given: (Molar mass of sucrose = 342 g mol!) 
(Molar mass of glucose = 180 g mol-!) 
(Delhi) 
Ans. Molality (m) = w XA 
WxM 
Given: 
Molar mass of sucrose 
= C2H0}; = 12 x 12 + 22 + 11 x 16 = 342 
10% solution (by mass) of sucrose in water means 
10 g of sucrose is present in (100 — 10) 
= 90 g of water 
10% solution of sucrose means, w = 10 g 
Mass of water, W = 90 g 
Molality of sucrose = 10 ,, 1000 _ 0.3244 mol kg! 
90 342 
AT; for sucrose = 273.15 — 269.15 = 4 K 
AT, =K-xm 
K= —S— = 12.33 K kg mol! 
s 0.3244 
For Glucose: 
Molar mass of glucose C,H,,0, 
=6x12+12x1+6~x 16 = 180 
Molality of glucose solution = 10 1000 
180 90 
= 0.6166 mol kg! 
AT; for glucose = 12.33 x 0.6166 
= 7.60 K (approx.) 
Freezing point of 10% glucose solution 
= (273.15 — 7.60) K = 265.55 K 
63. The vapour pressure of pure liquids A and B at 
400 K are 450 and 700 mmHg respectively. Find 
out the composition of liquid mixture if total 
vapour pressure at this temperature is 600 mmHg. 
(Comptt. Delhi) 
Ans. Given: P, = 450 mm Hg, Pg = 700 mm Hg, 
Pota = 000 mm Hg 
Applying Raoult’s law 
P,=x,X Py, Pea, Pp or P,=(1=~,)P, 
Pioa = Pa + Py 
=x, Pa +(1-x,) P = Pg + (Pa - Pp)X, 
Substituting the given values 
600 = 700 + (450 — 700)x,. 
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100 


or Ska 
250 


250x, = 100 or x, = 


= 
x, = 0.40 

The composition of the liquid mixture will be 
x, = 0.40, x, = 1 - 0.40 = 0.60 
P, =x, X Pa =0.40 x 450 mm 
P,=180mm 
P, =x, Pz =0.60 x 700 mm 
P, = 420 mm 

Mode fraction of A in the vapour phase 


Pa 180 


= = = 0.30 
Pa +P 180+ 420 





Mode fraction of B in the vapour phase 
=1 -0.30 = 0.70 


Long Answer Type Questions (LA) 
(5 Marks) 





64. (a) Define the following terms : 
(i) Mole fraction (ii) Van’t Hoff factor 
(b) 100 mg of a protein is dissolved in enough water 
to make 10.0 mL of a solution. If this solution 
has an osmotic pressure of 13.3 mm Hg at 25°C, 
what is the molar mass of protein? 
(R = 0.0821 L atm mol K- and 760 mm Hg 
= 1 atm) (All India) 
(i) Mole fraction Mole fraction of a 
constituent is the fraction obtained by 
dividing number of moles of that 
constituent by the total number of moles 
of all the constituents present in the 
solution. It is denoted by ‘x’. 
Example : 


_ No.of moles of x; 
= = 


Ans. (a) 


nx 

Totalno.of moles nx, +nxz 

Van't Hoff factor : It is the ratio of the 

observed colligative property to the 

theoretical value. It is denoted by ‘7’. 
Observed colligative property 


(ii) 





Theoretical colligative property 
(b) Refer to Q. 38, Page 26 
65. (a) What is meant by : 

(i) Colligative properties 
(ii) Molality of a solution 

(b) What concentration of nitrogen should be 
present in a glass of water at room 
temperature? Assume a temperature of 25° 
C, a total pressure of 1 atmosphere and 
mole fraction of nitrogen in air of 0.78. 
[Ky for nitrogen = 8.42 x 107 M/mm Hg] 

(All India) 
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(a) (i) Colligative properties : Those properties 


of ideal solutions which depend only on 
the number of particles of the solute 
dissolved in a definite amount of the 
solvent and do not depend on the nature 
of solute are called colligative properties. 

(ii) Molality of a solution : Molality of a 
solution is defined as the number of moles 
of the solute dissolved in 1000 grams (1 kg) 
of the solvent. It is denoted by ‘m’. 


_ wx 1000 
MxW 
whererw = Weight of solute in grams 
M = Molecular mass of solute 
W = Weight of solvent in grams 


(b) Given : 


Py, = 1 atmosphere = 760 mm Hg 
2 

Ky = 8.42 x 107 M/mm Hg 
Applying Henry's Law, 

Py, = Ky. XN, 


=> 760 = 8.42 x 107. XN, 


760 76 


E _ 
No" 842x107 — 842x10 
= 9.03 x 108 Moles 








(a) Differentiate between molarity and 


molality for a solution. 
How does a change in temperature 
influence their values? 


(b) Calculate the freezing point of an aqueous 


solution containing 10.50 g of MgBr, in 200 
g of water. (Molar mass of MgBr, = 184 g) 
(K, for water = 1.86 K kg mol) (Delhi) 


pa 


© 


— 
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(b) Calculate the boiling point of a solution 


prepared by adding 15.00 g of NaCl to 250.0 
g of water. 

(K, for water = 0.512 K kg mol, Molar 
mass of NaCl = 58.44 g) (Delhi) 
Refer to Q. 10, Page 23 

Yes, osmotic pressure is the colligative 
property because it depends upon the 
number of particles of the solute. 

Since NaCl is an ionic compound so 
undergoes complete dissociation. 


NaCl ——> Nat + Cl- 





Initial moles 1 0 0 
After dissociation 0 1 1 
Total number of moles = 1 + 1 = 2 
* ~e2c9 
1 

Using the formula 

AT, = iK,m 

Tem =se 

58.44 x 250 
w Kaoirs | IK 
14610 


or T,= 1.05 K +373 K 
R T, = 374.05 K or 101.05° C 
State the following : 
(i) Henry’s law about partial pressure of a 
gas in a mixture. 
(ii) Raoult’s law in its general form in 
reference to solutions. 
A solution prepared by dissolving 8.95 mg 
of a gene fragment in 35.0 mL of water has 
an osmotic pressure of 0.335 torr at 25°C. 
Assuming the gene fragment is a non- 
electrolyte, determine its molar mass. 
(All India) 


Ans. (a) Refer to Q. 8, Page 22 


Ans. i) H ’s law : “The solubilit j 
(b) Since MgBr, is an ionic compound, so ney Aa U) Hemty e law CPA O R E TR 


liquid at a particular temperature is directly 


undergoes complete dissociation 


MgBr, ——> Mg% + 2Br- 
Initial moles 1 0 0 
After dissociation 0 1 2 
Total number of moles = 1 + 2 = 3 


Thus, i= + =3 


Using the formula AT, = i K; m 
Tp -Ty=i Kem 


ie 0° C-T,=3x 186 x 2 o 
184 “200 
or mts 2 e 
36800 


T; = —1.59°C or 271.41 K 
Define the terms osmosis and osmotic 
pressure. Is the osmotic pressure of a 
solution a colligative property? Explain. 
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proportional to the pressure of the gas in 

equilibrium with the liquid at that 

temperature.” 

Applications of Henry’s law : 

e In the production of carbonated 
beverages which are prepared under 
high pressure. 

e Deep sea divers depend upon 
compressed air for their oxygen supply. 

(ii) Raoult’s law : For a solution of volatile 
liquids the partial vapour pressure of 
each component of the solution is 
directly proportional to its mole fraction 
present in solution. 

P = P°x 

Non-ideal solution shows positive and 

negative deviations from Raoult’s law. 
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e Positive deviation from Raoult’s law : 
The total vapour pressure for any 
solution is greater than the 
corresponding ideal solution of same 
composition. Such behaviour is called 
positive deviation. 

Example : Mixtures of ethanol + 
cyclohexane 
Mixture of acetone + carbon disulphide 

e Negative deviation from Raoult’s law : 
When the total vapour pressure will be 
less than corresponding vapour 
pressure, then it is termed as negative 
deviation. 

Example : Chloroform + Benzene 
Chloroform + Diethylether 


(b) Given : w, = 8.95 mg = 8.95 x 10° g 


V = 35 mlr = 0.335 torr 
T = 25°C = 298 KM, =? 
Substituting all the values in the given formula 
nm = CRT 
_ w, RT or M, = w, RT 
M,V nV 
8.95 x 10-3 g x 0.0821 L atm mol! K-71 








ie x 298K x 760 x 1000 
2 0.335 atm x 35L 
_ 166416.3716 _ 141933 eth’ 
11.725 


Molar mass, M, = 1.42 x 104 g mol 


(a) Differentiate between molarity and 


molality in a solution. What is the effect of 
temperature change on molarity and 
molality in a solution? 


(b) What would be the molar mass of a 


compound if 6.21 g of it dissolved in 24.0 g 
of chloroform form a solution that has a 
boiling point of 68.04°C. The boiling point 
of pure chloroform is 61.7°C and the boiling 





we 


<~ 


70. (a) Define the following terms : 


(i) Mole fraction (ii) Ideal solution 


(b) 15.0 g of an unknown molecular material is 


dissolved in 450 g of water. The resulting 

solution freezes at -0.34°C. What is the 
molar mass of the material? 

(K, for water = 1.86 K kg mol~) (All India) 

(i) Mole fraction : Mole fraction is the ratio 

of number of moles of one component to 

the total number of moles in a mixture. 








na +Np’ BS ta thy 
(ii) Ideal solution : The solution which 
obeys Raoult’s law under all conditions 
is known as an ideal solution. 


X, = — Xp = —2 


() AT, =K 














Te toe s 
f f M, ` 450 
+ 0- (-0.34) = 1.86 x1 x 1000 
M, 450 
186x15x1000 _ 62 
=> M,= = 
0.34 x 450 0.34 


= 182.35 g/mol 
Explain the following : 
(i) Henry’s law about dissolution of a gas 
in a liquid 
(ii) Boiling point elevation constant for a 
solvent 
A solution of glycerol (C,H,O,) in water 
was prepared by dissolving some glycerol 
in 500 g of water. This solution has a 
boiling point of 100.42°C. What mass of 
glycerol was dissolved to make this 
solution? 
(K, for water = 0.512 K kg mol) (All India) 


point elevation constant, K, for chloroform | Ans. (a 

is 3.63°C/m. (Delhi) 
Ans. (a) Refer to Q. 8, Page 22 
(b) Given: w, = 6.21 g, w, =24¢ pressure of the gas.” 

AT, = T, — T°, = 68.04 — 61.7 °C (ii) Boiling point elevation constant for a 

= 6.34 °C solvent or molal elevation constant may 

K, = 3.63 °C/m,M, = ? be defined as the elevation in the boiling 

Substituting all these values in formula given point when the molality of the solution is 


we 


(i) Henry’s law : The law states “that at a 
constant temperature, the solubility of a gas 
in a liquid is directly proportional to the 

















below unity. 
M. = Ky X w, x 1000 (b) Refer to Q. 47, Page 27 
2 AT, X w1 
or M,= be aul 72. (a) State Raoult’s law for a solution containing 
Cer volatile components. How does Raoult’s 
or M,= 22542.3 _ 148.14 law become a special case of Henry’s law? 
152.16 (b) 1.00 g of a non-electrolyte solute dissolved 


.. Molar mass of the compound, 
M = 148.14 g mol 
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in 50 g of benzene lowered the freezing 
point of benzene by 0.40 K. Find the molar 
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mass of the solute. (K, for benzene = 5.12 K 
kg mol") (All India) 

Ans. Raoult’s law : For a solution of volatile liquids the 

partial vapour pressure of each component of the 
solution is directly proportional to its mole 
fraction present in solution. 

P = P°x 
Non-ideal solution shows positive and negative 
deviations from Raoult’s law. 

(i) Positive deviation from Raoult’s law : The 
total vapour pressure for any solution is 
greater than the corresponding ideal solution 
of same composition. Such behaviour is 
called positive deviation. 

Example : Mixtures of ethanol + cyclohexane 
Mixture of acetone + carbon 
disulphide 

Negative deviation from Raoult’s law : 

When the total vapour pressure will be less 

than corresponding vapour pressure, then it 

is termed as negative deviation. 

Example : Chloroform + Benzene 
Chloroform + Diethylether 

According to Raoult’s law Py =P XXa 

According to Henry’s law P, = Ky x x 

Thus both laws are identical and differ by 

their proportionality constants. 


1000K pw 
wıDT; 

Given: w, = 1.0 g, w, = 50 g, AT,= 0.40 K, 

K, = 5.12 K kg mol! 

1000¢ kg™! x 5.12 kg mol"! x 1.0g 


(ii 


wa 


(b) We know that M, = 





M, = 
50g x 0.40K 
= 256 g mol! 
73. (a) Define the following terms : 


(i) Ideal solution (ii) Azeotrope 
(iii) Osmotic pressure 
A solution of glucose (C,H,,O,) in water is 


labelled as 10% by weight. What would be 

the molality of the solution? 

(Molar mass of glucose = 180 g mol”) 

(All India) 

(a) (i) Ideal solution : An ideal solution is that 

which obeys Raoult’s law and in which 

the intermolecular interactions between 

the different components are of same 

magnitude as that is found in pure 
components. 

(ii) Azeotrope : It is a type of liquid mixture 
having a definite composition and 
boiling like a pure liquid. (distills 
without change in compositions) 

(iii) Osmotic pressure : The minimum excess 
pressure that has to be applied on the 


(b 


<~ 


Ans. 


Join 
@booksforcbse 
for more. 


Q 








Chapter 2 : SOLUTIONS 33 


solution to prevent the entry of the 
solvent into the solution through semi- 
permeable membrane is called osmotic 
pressure. 

(b) 10% of glucose means 10 g of solute in 100 g 
of solvent 

“. Mass of solute = 10 g 

Mass of solvent = 100 - 10 = 90 g 


a 
1000 
Molar mass of glucose = 180 g mol! 
No. of moles = 22 = + mole 
100 18 


No. of moles of solute 








ʻ Molality = 
Pay mass of solvent in kg 
1 „1000 _ 100 
18 90 162 


= 0.617 mol kg"! = 0.6 m 
74. (a) The vapour pressures of benzene and 
toluene at 293 K are 75 mm Hg and 22 mm 
Hg respectively. 23.4 g of benzene and 64.4 
g of toluene are mixed. If the two form an 
ideal solution, calculate the mole fraction of 
benzene in the vapour phase assuming that 
the vapour pressures are in equilibrium 
with the liquid mixture at this temperature. 
(b) What is meant by +ve and -ve deviations 
from Raoult’s law and how is the sign of 
AH solution related to +ve and -ve 
deviations from Raoult’s law? 
(Comptt. All India) 
Given : Mass of benzene = 23.4 g 
Molar mass of benzene = C,H, 
= 12x6+6=78g mol! 
Mass of toluene = 64.4 g 
Molar mass of toluene = C,H,CH, 
=12x7+8=92g mol! 


Moles of benzene = za = 0.3 mole 


Ans. (a 


© 


Moles of toluene = si = 0.7 mole 





Vapour pressure of benzene, Pp = xg X P 
= 0.3 x 75 = 22.5 mm 

Vapour pressure of toluene, P} = x; x P 
= 0.7 x 22 = 15.4 mm 

Total vapour pressure = 22.5 + 15.4 


= 37.9 mm 
; 22.5 
Mole fraction of benzene = aT i 0.59 
(b) +ve and -ve deviations : Refer to Q. 72 (a), 
Page 33. 


If it is higher, the solution exhibits positive 
deviation and if it is low, it exhibits negative 
deviation from Raoult’s law. 

For positive deviation A,,,,H = +ve 

For negative devation A,..H = -ve 
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Ans. 
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(a) A 5% solution (by mass) of cane-sugar in 
water has freezing point of 271 K. Calculate 
the freezing point of 5% solution (by mass) 
of glucose in water if the freezing point of 
pure water is 273.15 K. 

[Molecular masses : Glucose C,H,,O, : 180 
amu, Cane-sugar C,,H,,O,, : 342 amu] 

(b) State Henry’s law and mention two of its 
important applications. (Comptt. All India) 

(a) Molality of sugar solution 





nig x 100 
WH),O(in grams) 
- 5x1000 _ 9 146 
100 x 342 
AT; of sugar solution = 273.15 — 271 = 2.15 
M a, 215 
AT, = K;x m Š K,= wae 
Molality of glucose solution = og 
180 100 
= 0.278 
(= 3 o x 0.278 = 4.09 





Retas. ani of glucose solution 

= 273.15 — 4.09 = 269.06 K 
Henry’s law : Henry’s law : Henry’s law 
states that, “The solubility of a gas in a liquid at 
a particular temperature is directly proportional 
to the pressure of the gas in equilibrium with the 
liquid at that temperature.” 
Solubility of gas decreases with increase of 
temperature at the same pressure. 


(b 


wm 





76. 


Ans. 


Q 


(a) Define the following terms : 
(i) Molarity 
(ii) Molal elevation constant (K,) 

(b) A solution containing 15 g urea (molar mass 
= 60 g mol") per litre of solution in water 
has the same osmotic pressure (isotonic) as 
a solution of glucose (molar mass = 180 g 
mol!) in water. Calculate the mass of 
glucose present in one litre of its solution. 

(All India) 

(a) (i) Molarity is the number of moles of 

solute dissolved in one litre of solution. 

(ii) Molal elevation constant may be defined 

as the elevation in boiling point when 

the molality of solution is unity i.e. 1 

mole of solute is dissolved in 1 kg of the 
solvent. 


(b) For urea, concentration = Z moles/lt. 


For glucose, concentration = a moles/lt. 


Solutions are isotonic 
w _15 _ 15x180 
180 60 7 60 





=45¢ 
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77. 


Ans. 


78. 


Ans. 


(a) What type of deviation is shown by a 
mixture of ethanol and acetone? Give reason. 
(b) A solution of glucose (molar mass = 180 g 
mol-!) in water is labelled as 10% (by mass). 
What would be the molality and molarity of 
the solution? 
(Density of solution = 1.2 g mL!) 
(All India) 
(a) Since acetone is nearly non-polar in nature 
and ethanol is polar in nature therefore, no 
interaction occurs between acetone and 
ethanol, the number of molecules increases, 
which shows positive deviation. 
(b) 10% glucose means 10 g in 100 g solution 
or, 90 g of water = 0.090 kg of water 
_10 _ 9.617 m 
180 x 0.090 
: 100 
100 g of solution = ces mL 


= 83.33 mL = 0.08333 L 


— 10 _ 067 M 
180 x 0.0833 


(a) What is van’t Hoff factor? What types of 
values can it have if in forming the 
solution, the solute molecules undergo 

(i) Dissociation? (ii) Association? 

(b) How many mL of a 0.1 M HCI solution are 
required to react completely with 1 g of a 
mixture of Na,CO, and NaHCO, containing 
equimolar amounts of both? 

(Molar mass : Na,CO, = 106 g, 
NaHCO, = 84 g) (Comptt. All India) 

(a) (i) Van't Hoff factor : It is defined as the 

ratio of the experimental value of the 
colligative property to the calculated 
value of the colligative property 

_ Experimental value 


Molality = 


Molarity = 





Calculated value 
If there is dissociation of the solute in 
the solution, the Van’t Hoff factor ‘i’ will 
be greater than one i.e. i > 1. 
It means observed colligative property 
will be greater than calculated value. 
(ii) Association : If there is association of 
solute in the solution, the Van’t Hoff 
factor ‘i’ will be less than one i.e. i < 1. 
Thus, observed colligative property will 
be less than the calculated value. 
(b) Calculation of no. of moles of the 
components in the mixture 
appare Na,CO; in the mixture = x g 
“. NaHCO, in the mixture = (1 — x) g 
Molar mass of Na,CO, = 106 g mol! 
Molar mass of NaHCO, = 84 g mol! 
x 
Moles of Na,CO, = 06 
x 


and Moles of NaHCO, = = 
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79. (a) 
(b) 

Ans. (a) 
(b) 


Q 


As the mixture contains equimolar amounts 
of both 





x 1-x 
106s 87 or 106 — 106x = 84x 
or 106x + 84x = 106 or 190x = 106 
106 
or x= op 8 = 9-598 g 
0.558 
Moles of Na,CO; = -pg = 0.00526 
1-0.558 _ 0.442 
and Moles of NaHCO; = —g7— = -g4 
= 0.00526 


No. of moles of HCI required 
Na,CO, + 2HCl —+2NaCl + H,O + CO, 


NaHCO, + HCl ——> NaCl + H,O + CO, 
1 mole of Na,CO, requires HCl = 2 moles 
0.00526 mole of Na,CO, requires HCl 
= 0.00526 x 2 = 0.01052 mole 
Similarly, 0.00526 mole of NaHCO, requires 
HCl = 0.00526 
Total HCl required = 0.01052 + 0.00526 
= 0.01578 moles 
Thus 0.1 mole of HCl is present in 1000 mL of 
HCl 
0.01578 mole of HCI present in 1000 mL 


= WW x 0.01578 = 157.8 mL 
Define 
(i) Mole fraction 
(iii) Raoult’s law 
Assuming complete dissociation, calculate 
the expected freezing point of a solution 
prepared by dissolving 6.00 g of Glauber’s 
salt, Na,SO,.10H,O in 0.100 kg of water. 
(K; for water = 1.86 K kg molt, Atomic 
masses : Na = 23, S = 32, O = 16, H = 1) 
(Comptt. All India) 
(i) Mole fraction : Mole fraction is the ratio 
of number of moles of one component to 
the total number of moles in a mixture. 
(ii) Molality : Refer to Q. 65 (a) (ii), Page 30 
(iii) Raoult’s law : Refer to Q. 68 ( a) (ii), 
Page 31 
Since Na,SO,.10H,O is an ionic compound, 
so undergoes complete dissociation. 


Na,SO,— > 2Nat + SO, 
Initial moles 1 0 0 


After dissociation 0 2 1 
Total number of moles = 2 + 1=3 


(ii) Molality 


Thus, i = 3 =3 
Using the formula : 


x 0 ; 
AT;=iK;m T; - T; = i K; m 
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OC T;=3x 186x -& x l 
or Z ; 322 ^ 0.100 
33.480 m : 
or T; 3272 a T; — 1.04 








80. (a) 


(b) 


Ans. (a) 


(b) 


81. (a) 


(b) 


Calculate the freezing point of solution 
when 1.9 g of MgCl, (M = 95 g mol) was 
dissolved in 50 g of water, assuming MgCl, 
undergoes complete ionization. 
(K; for water = 1.86 K kg mol) 

(i) Out of 1 M glucose and 2 M glucose, 
which one has a higher boiling point 
and why? 

(ii) What happens when the external 
pressure applied becomes more than the 
osmotic pressure of solution? (Delhi) 

Since MgCl, is an ionic compound, so it 
undergoes complete dissociation. 
MgCl, —> Mg*+ + 2CF 
Initial moles 1 0 0 
After dissociation 0 1 2 
Total number of moles = 1 + 2 = 3 


Thus, i= = =3 


Using formula, 


AT, =i K,m 
M=skisese 
95x50 
Wh x 1000 
ee 

M, XW, 

ye SN oan 
4750 


Also, T; = T°; — AT; = 273.15 K - 2.233 K 
T, = 270.92 K 

(i) 2M glucose will have a higher boiling 
point than 1M glucose because elevation 
in boiling point is a colligative property 
which depends upon the number of 
particles in the solution which is more in 
the case of 2M glucose solution. 

(ii) When the external pressure applied 
becomes more than the osmotic pressure 
of the solution, then the solvent will 
flow from the solution into the pure 
solvent through the semi-permeable 
membrane. The process is called reverse 
osmosis (RO). 

When 2.56 g of sulphur was dissolved in 
100 g of CS, the freezing point lowered by 
0.383 K. Calculate the formula of sulphur 
(Sy). 

K for CS, = 3.83 K kg mol, Atomic mass 
of Sulphur = 32 g mol) 

Blood cells are isotonic with 0.9% sodium 
chloride solution. What happens if we place 
blood cells in a solution containing 
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(i) 1.2% sodium chloride solution? 
(ii) 0.4% sodium chloride solution?(Delhi) 
Ans. (a) Given: w, = 2.56 g w, = 100 g = 0.1 kg 


AT, = 0.383 K K; = 3.83 K kg mol! 
Atomic mass of sulphur = 32 g mol 





M, =? 
Using formula, 
M, = Ke X Wp = 3.83 x 2.56 
> AT; Xwq  0.383x0.1 
2 AT; = KEX YE y 1000 
Mp XW 


M, = 256 g mol! 
the no. of atoms present in one 


molecule of sulphur = = 


Hence 


<. the formula is S, 

(i) If RBCs are placed in contact with 1.2% 

NaCl solution, then the osmotic pressure 
of 1.2% NaCl becomes higher than that 
of RBCs due to which water present 
inside the cells moves into the NaCl 
solution which results in shrinkage of 
RBCs. 
Reverse process will take place if RBCs 
are kept in contact with 0.4% NaCl 
solution which has less osmotic pressure 
due to which water moves into RBCs 
and they will swell. 


(b) 


(ii) 





82. (a) A 10% solution (by mass) of sucrose in 
water has a freezing point of 269.15 K. 
Calculate the freezing point of 10% glucose 
in water if the freezing point of pure water 
is 273.15 K. 

Given: (Molar mass of sucrose = 342 g mol!) 
(Molar mass of glucose = 180 g mol?) 

(b) Define the following terms: 

(i) Molality (m) 

(ii) Abnormal molar mass 

(a) Refer to Q. 62, Page 30 

(b) (i) Molality (m). Number of moles of solute 

dissolved per kg of the solvent. 

(ii) Abnormal molar mass. If the molar mass 
calculated by using any of the colligative 
properties comes to be different than 
theoretically expected molar mass. 

(a) 30 g of urea (M = 60 g mol!) is dissolved in 
846 g of water. Calculate the vapour pressure 
of water for this solution if vapour pressure 
of pure water at 298 K is 23.8 mm Hg. 

(b) Write two differences between 
solutions and non-ideal solutions. 

(All India) 


(All India) 


Ans. 


83. 


ideal 


Ans. 


(a) Given: 


Q 





Urea (W) = 30 g; H,O (W) = 846 g 
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M = 60; M = 18 
po -P. 
So, po S =X, 
23.8 — P; 2 Wurea x M0) 
23.8- P, _ 30 18 
23.8 60 846 


23.8 — P, = 0.0106 x 23.8 
23.8 — P, = 0.2531 


So,P, = 23.8 - 0.2531 .. P, = 23.54 mm Hg 


(b) Ideal solution Non-ideal solution 
(i) They obey (i) They do not 
Raoult’s law obey Raoult’s 


law over the en- 
tire range of 
concentration. 


over the entire 
range of concen- 
tration. 


(ii) Neither the heat 
is evolved or ab- 
sorbed during 


Heat is evolved 
or absorbed dur- 
ing dissolution. 


(ii 


wa 


dissolution. 
(iii) Aw = 0 (iit) Ayatt is not 
Amix¥ = 0 equal to 0. 
Amix¥ is not 
equal to 0. 


84. (a) Explain why on addition of 1 mol glucose 
to 1 litre water the boiling point of water 
increases. 

(b) Henry’s law constant for CO, in water is 
1.67 x 10° Pa at 298 K. Calculate the number 
of moles of CO, in 500 ml of soda water 
when packed under 2.53 x 105 Pa at the same 

(Comptt. All India) 

(a) Glucose is a non-volatile solute, therefore, 


temperature. 
Ans. 
addition of glucose to water lowers the 
vapour pressure of water as a result of which 
boiling point of water increases. 
(b) Given : K,, = 1.67 x 10° Pa 
pCO, = 2.53 x 10° Pa 
Using Henry’s law 
pCO, = K,, x xCO, 
pCO, _ 2.53x10°Pa 








xCO, = 3 
Ky 1.67 x 10°Pa 
xCO, = 1.515 x 10% 
nCO _ _nCO? sig ei 


No. of moles of water present in 500 ml 


soda water = ~ = 27.78 mol 
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ie. nH,O = 27.78 mol of concentration are known as ideal 
No. of moles of CO, solutions. 
(ii) The minimum excess pressure that has 
noa = 1515 x 10° to be applied on the solution to prevent 
e nCO, = 42.08 x 103 moles = 0.042 mol the entry of the solvent into the solution 
through the semipermeable membrane 
85. (a) Define the following terms : is called the osmotic pressure. 
(i) Ideal solution (b) Given: w,=10g, w,=200¢, 
(ii) Osmotic pressure K, = 0.512 K kg mol“, M, = 111 g mol" 
(b) Calculate the boiling point elevation for a Using formula : 
solution prepared by adding 10 g CaCl, to AT, = iK, m, Here m = wz x 1000 
200 g of water, assuming that CaCl, is Mz xw; 
completely dissociated. ʻo AT,= 1000 Kw xi 
(K, for water = 0.512 K kg mol; Molar mass mia 
of CaCl, = 111 g mol) (Comptt. All India) ie — a = 
Ans. (a) (i) Ideal solution : The solutions which á 
obey Raoult’s law over the entire range ny, S087 
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QUICK REVIEW OF THE CHAPTER 








p-BLOCK ELEMENTS 








1. The general configuration of p-block elements is ns? np!-§ 
2. The p-block elements include elements from group 13-18. They are collectively known as representative elements. 
3. Group 15 elements are called Pnicogens means suffocation producing. It includes N, P, As, Sb, Bi. 
4. N and P are Non-metals, As and Sb are metalloids and Bi is metal due to decrease in ionization enthalpy and increase in 
atomic size. 
5. The general configuration of Nitrogen family is ns*np? 
6. Nitrogen shows anomalous behaviour due to its small size, high electronegativity, high ionization enthalpy, tendency to form 
pr-pr bonds and unavailability of d orbitals. 
7. Nitrogen is a gas, P is a waxy solid and the remaining elements are solids and possess metallic lustre. 
8. Nitrogen exist as diatomic molecule with triple bond between two atoms. P As and Sb all exist as discrete tetratomic 
tetrahedral molecules viz P,, As, and Sb, as these are not capable of forming multiple bonds. 
9. The dissociation energy of N, is very large due to triple between its atoms and thus, is a stable and inert gas under ordinary 
conditions. 
10. The catenation tendency of nitrogen is weaker than other members due to weak N-N bond which is due to interelectronic 
repulsion of lone pairs of electron and small bond length. 
11. Only N, can form Prn-Pr bonds with itself and C,O etc., while rest of the members cannot as their atomic orbitals are so large 
and diffuse that they cannot have effective overlapping. 
12. N, cannot form dn-Pr bond while the rest can do so due to absence of d-orbitals in it. 
Eg. RP = 0 or R,P=CH, (R = alkyl group) 
13. P and As can form dz-dx bond with transistion metals when their compounds like P(C,H,), and As (C,H,), act as ligands. 
PHYSICAL PROPERTIES 
14. In V group or 15" group: 
(a) density of the elements increases down the group. 
(b) M.P increases from Nitrogen to Arsenic and then decreases from As to Bi. The lower value is due to formation of 3 
covalent bonds instead of 5 covalent bonds due to inert pair effect. 
(c) Atomic radii increase down the group. 
(d) ionisation energy decreases regularly on moving down the group. The I.E. of N, is very high due to its small size. 
(e) electronegativity decreases gradually on moving down the group. 
(f) all the elements except Bi show allotropy. 
(g) N, P and As exhibit the property of catenation but this property is much less than IV A elements. 
(h) P is extremely reactive due to strained structure of P, while other members are less reactive. 
CHEMICAL PROPERTIES 
15. (a) All the members can show +5 oxidation state towards oxygen. N and P generally exhibit -3 oxidation state due to high 
electronegativity. +3 oxidation state is observed when only p electrons are used. 
(b) Nitrogen besides -3, +3 and +5 oxidation states, exhibits a large number of oxidation states from -3 to +5. 
-3 in NH, 
-2 in NH,. NH, 
-1 in NH,OH 
OinN, 
+1 in N,O (laughing gas) (Neutral) 
+2 in NO (Neutral) 
+3 in N,O, (Acidic) 
+4 in N,O, or NO, (Acidic) 
+5 in N,O, and HNO, (Acidic) 
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Due to inert pair effect, the stability of +5, oxidation state decreases down the group and stability of +3 oxidation state 
increases. 
In case of Nitrogen all O.S. from +1 to +4 tend to disproportionate in acid solution. 


E.g. 3HNO, ——> HNO, + H,O + 2NO 

Nitrogen forms E,O, and E,O, Oxides where E,O, are more acidic than E,O, are more acidic then E,O,. 
N,O, > P,O; > AsO, > Sb,O,; > Bi,O, (Acidic nature) 

N,O, and P,O, are purely acidic while that of As and Sb amphoteric and bismuth is basic. 


Na,03 P203 As 703 Sb,03 Bi203 


Acidic Amphoteric acidic 





(g) In oxides of a particular element, the acidic nature increases as the % of oxygen increases or the O.S. increases. 
16. All the members of this group form hydrides of the type EH, 
(a) All the hydrides are colourless gases. 
(b) Their smell becomes more and more disagreeable from N to Bi. 
(c) The poisonous nature increases form NH, to BiH}. 
(d) NH, is highly soluble in water but other hydrides are less soluble. 
(e) The basic character decreases from NH, to BiH. 
(f) Thermal stability decreases from NH, to BiH, due to decreasing bond dissociation enthalpy 
NH, > PH, > AsH, > SbH, > BiH, 
(g) The reducing nature increases from NH, to BiH, due to decrease in bond strength E-H from NH, to BiH,. 
(h) The shape of these hydrides is pyramidal due to sp* hybridization. 
() Hydrogen bonding is only present in NH, among others. 
17. Except nitrogen the rest of the elements of group 15 form two series of halides EC], and ECI,. 
(a) Nitrogen does not form pentahalides due to absence of d-orbitals. 
(b) All the trihalides are stable except NCI}, NBr, and NI,. The unstable nature is due to low polarity of N-X and a large 
difference in size of N and Cl. 
(c) The trihalides have pyramidal structure (sp? hybridization). 
(d) The trihalides act as lewis bases and tendency decreases from N to Bi. 
NCI, > PCl, > AsCl, > SbCl, > BiCl, 
Except NF, and PF,, all the trihalides are hydrolysed by water. 
PCL, + H,O HPO, + 3HCl 
Except N and Bi, other members form pentahalides especially fluorides. 
Pentahalides have a triagonal bipyramidal shape (spd hybridization). 
The three equatorial P-Cl bonds are equivalent, while the two axial bonds are longer which is due to more repulsion 
experienced by axial bonds than equatorial bond pairs. 
Pentahalides decompose on heating into lower halides. 


PCI, —*—> PCI, + Cl, 
Pentahalides are hydrolysed by water. 

PCI. + H,O ——> POCI, + 2HCl 
X-ray studies have shown that solid PCl, is an ionic compound composed of [PCl,]* [PCI] in which [PCl,]* is 
tetrahedral and anion [PCl,]~ octahedral. 


Nitrogen can be commercially prepared by the liquefaction and fractional distillation of air. 
In laboratory it is prepared by treating an aqueous solution of NH,Cl with sodium nitrate. 


NH,Cl + NaNO, ——> N, + 2H,O + NaCl 
Thermal decomposition of Barium or Sodium azide gives very pure N, 


2NaN, ——> 2Na + 3N, 
Ammonia (NH,) in laboratory is prepared by heating ammonium salt with NaOH or lime. 


2NH,Cl + Ca(OH), ——> 2NH, + 2H,O + CaCl, 
On large scale, NH, is prepared by Haber’s process. 


N, + 3H, === 2NH, AHP = -46.1 KJ mol! 
According to Le-Chatelier’s principle, the favorable conditions for NH, preparation are: 
e High pressure 200 atm 
e Low temperature 700 K 
e Catalyst - Iron Oxide 
e Promoter - K,O and Al,O, 
(d) NH, is highly soluble in water and have high M.P. and B.P. due to intermolecular H-bonding. 
(e) Geometry of NH, is trigonal pyramidal. 
(f) Aqueous solution of NH, is weakly basic due to formation of OH” ion and forms precipitates of metal hydroxides. 


ZnSO, + 2NH,OH ——> Zn (OH), + (NH,), SO, 
White PPt 
(g) NH, can form coordinate bonds by donating its lone pairs to metal ions and forms complexes. 


CuSO, + 4NH, ——> [Cu (NH),], SO, 
deep blue 
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20. (a 


= 


Nitric Acid (HNO,) is prepared by Ostwald’s process on a large scale: 
Pt 


(D) 4NH, +503, rg 4NO + 6H,O 


(i) 2NO + 0, ——> 2NO, 


(iii) 3NO, + H,O —> 2HNO, + NO 
Conc. HNO, acts as strong oxidizing agent and attacks most metals except Au and Pt. 


3Cu + 8HNO, (dil) ——> 3Cu(NO,), + 2NO + 4H,O 


Cu + 4HNO, (Conc) ——> Cu(NO,), + 2NO, + 2H,O 
(c) Cr and Al do not dissolve in Conc. HNO, because of the formation of a passive film of oxide on the surface. 
(d) It oxidizes non-metals like I, to HIO,, C to CO,, and S to H,SO,. 
(e) Brown ring test or Nitrate (NO.7) ion is due to formation of a complex [Fe(H,0), NOJ% ion in solution. 
(f) HNO, is used in the manufacture of explosives like TNT, picric acid, nitroglycerine, etc. It is also used in the 
manufacture of fertilizers, artificial silk, dyes, etc. 
Aqua regia is a mixture of 3 parts of conc. HCl and one part of Conc. HNO, by volume and reacts with gold and Pt 
which are noble metals. 
21. (a) Phosphorous exists in a number of allotropic forms i.e., white phosphorous, red phosphorous and black phosphorous. 
(b) White phosphorous is a waxy solid having garlic smell and poisonous in nature. 
(c) This glows in dark and thus shows chemiluminescence. 
(d) White P is less stable and more reactive than red P, because of angular strain in P, molecule where the angles are only 
60°. 
(e) White P catches fire in air to give dense white fumes of P,O,, 


(b 


= 


©, 


2 


P, +50, ——> P,0j 
(f) Red phosphorous is odourless, non-poisonous and less reactive than white P. 
(g) Red P is polymeric in nature. 
22. (a) Phosphine (PH,), in laboratory is prepared by heating white P with Conc. NaOH Sol” in inert atmosphere of CO, 


P, +3 NaOH + 3H,O ——> PH, +3 NaH,PO, 
(b) Pure PH, is inflammable but it becomes flammable due to presence of impurities. 
(c) PH, is a colourless gas with rotten fish smell and highly poisonous. 
(d) PH, is weakly basic and gives phosphorous halide with acids. 


PH, + HI ——> PH,I 
23. (a) In PX, the bond angle increases from PF, to PI}. 
24. (a) All the members of group 15 form oxoacids. 

(b) P forms 2 types of oxyacids one having P in +5 or + 3 oxidation state i.e., phosphorous acid and other having P in +4 or 
+5 oxidation state i.e., phosphoric acids. 
Phosphorous acids act as reducing agent as they tend to disproportionate and have P-H bonds. 


4H,PO, ——> 3H, PO, + PH, 
(d) The important oxyacids of phosphorous are: 


(c 


YS 


(Ù H, PO, Hypophosphorous Oxidation state = +1 Basicity = 1 
(ii) H, PO; Orthophosphorous acid Oxidation state = +3 Basicity = 2 
(iii) H,PO, Orthophosphoric acid Oxidation state = +5 Basicity = 3 
(iv) (HPO), Metaphosphoric acid Oxidation state = +5 Basicity = 1 
w) H,P,0, Hypophosphoric acid Oxidation state = +4 Basicity = 4 
(vi) H,P,0, Pyrophosphoric acid Oxidation state = +5 Basicity = 4 
(vii) H,P,0, Pyrophosphorous acid Oxidation state = +3 Basicity = 2 


(e) Each oxoacid of P contains at least one P = 0 unit and one P-OH unit. 
(f) The no. of groups in oxoacids of P decides the basicity of the acid. 

25. Both NF, and NH, have pyramidal structures with bond angles 102° and 107° respectively. Their dipole moments are different 
i.e., NF, (0.24D) and NH, (1.48D). The difference is due to the fact that while the dipole moment due to N-F bonds in NF, are 
in opposite direction to the direction of the dipole moment of the lone pairs on N-atom which partly cancel out while the 
dipole moments of N-H bonds in NH, are in the same direction of the dipole moment of the lone pair on N which add up. 


AN, ZN, 
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GROUP 16 OR VI A ELEMENTS (OXYGEN FAMILY) 


. Group 16 consists of 6 elements i.e., oxygen, sulphur, selenium, tellurium, polonium and ununhexium. 
. They are known as chalcogens i.e., ore forming elements. 
. All have 6 valence electrons in their outermost shell with ns? np* configuration. 
. Oxygen is the most abundant element which makes up 46.6% by mass of the earth’s crust. 
. Dry air contains 20.946% oxygen by volume. 
. Sulphur is found as sulphates in Gypsum CaSO,.2H,O, Epsom salt MgSO,.7H,O and as sulphides in Galena PbS, Zinc blende 
ZnS, Copper pyrites CuFeS,. 
. Oxygen is gas while other members are solids. 
. Oxygen is diatomic molecule while others are octa atomic except Po. 
. Oxygen shows anomalous behaviour due to its small size, high electronegativity and absence of d-orbitals. 
. Oxygen is capable of forming px - px multiple bonds while other members cannot because of its small size and high 
electronegativity. 
. The diatomic O = O molecule accounts for high dissociation energy but does not explain paramagnetic nature. 
. Metallic character increases with increase in atomic number. 
O<S < Se < Te < Po 
Non-metals Metalloids Metal 
. Atomic radii, atomic volume and density increase down the group from O to Po due to increase in no of shells. 
. Ionisation enthalpy decreases down the group but have low I.E than group 15 due to extra stable half filled configuration of 
group 15 (ns? np) elements. 
. Electron gain enthalpy decreases down the group but oxygen has less negative electron gain enthalpy than sulphur due to its 
compact nature. 
. Electronegativity decreases in a group. Oxygen is the second most electronegative element. 
. The Melting point and Boiling point increases from O to Po. 
. All the members show allotropy. 
. Oxygen and sulphur show the property of catenation but this property is more pronounced in sulphur. 
(a) Since the electronegativity of oxygen is high, it shows -2 oxidation state, whose stability decreases in a group. However 
it shows +1 in H,O,, O,F, and +2 in OF,. 
(b) Other members also shows + 2, + 4 and + 6 O.S. 
(c) The stability of +6 O.S. decreases down the group and of +4 increases due to inert pair effect. 
(d) The absence of d-orbitals in oxygen limits its covalency to four. 
. Group 16 elements form hydrides of H,E type. 
(a) H,O is a liquid while H,S is a gas due to low volatility and presence of H-bonding in H,O. 
(b) As the electronegativity difference between E—H decreases, the covalent character increases from H,O to H,Te. Water 
is highly polar and has high dielectric constant. 
(c) Thermal stability decreases down the group due to increase in E—H bond length and decrease in bond dissociation 
enthalpy. 
H,O > H,S > H,Se > H,Te 
(d) Acidic nature increases from H,O to H,Te due to decrease in bond dissociation enthalpy. 
H,O < H,S < H,Se < H,Te 
) Except H,O, other hydrides are reducing agents. 
H,S < H,Se < H,Te 
(f) All these hydrides are V-shaped (Sp?-hybridisation). The bond angles decrease in group. 
HO > HS > H,Se > H,Te 
104.5° 92.5° 91° 90° 
They form oxides of EO, and EO, types. 
O, and SO, are gases while rest are solid. 
Both dioxides and trioxides are acidic in nature. 


SO% > SeOyg > TeOz > P0O3 
Acidic Amphoteric 








Reducing nature of dioxides decreases from SO, to TeO,. 
SO, > SeO, > TeO, 

Strong Strong 
Reducing agent Oxidising agent 
Group 16 elements form halides of EX,, EX, and EX, types. 
Hexafluorides are the only stable halides, so SF, is exceptionally stable for steric reasons. 
All hexahalides show octahedral structure with Sp?d? hybridisation. 
Tetrafluorides have Spd hybridisation with see-saw geometry due to one lone pair of electron. 
Dihalides have Sp? hybridisation with angular geometry. 
In laboratory oxygen can be obtained by heating oxygen containing salts such as chlorates, nitrates and 
permanganates. 


A 


Oxygen atom has three stable isotopes i.e., 160, 17O and 180. 
Reactions of oxygen with some elements are generally exothermic. 
Oxygen combines nearly with all the elements except inert gases, noble metals and halogens. The binary compounds 
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of oxygen with elements are called oxides. 
Oxide can be simple or mixed. 
Simple oxides can be classified as: 
(i) Acidic oxides. Non metallic oxides. Aqueous solutions are acids. Neutralize bases to form salts. 
E.g. SO,, CO,, N,O etc. 
(ii) Basic oxides. Metallic oxides. Aqueous solutions are alkalies . Neutralize acids to form salts. 
E.g. Na,O, K,O, etc. 
(iii) Amphoteric oxides. Some metallic oxides act as acid as well as base. They can neutralize both acids and bases to 
form salts. 
E.g. Al,O3, SbO,, SnO, etc. 
Mixed oxides are made up of two similar oxides such as Pb,O,, Fe,0, and Mn,O,. 
Ozone is an allotropic form of oxygen. 
It is prepared by passing slow dry steam of oxygen through a silent electrical discharge. 


30, ——> 20, (Endothermic) 
Ozone is thermodynamically unstable as its decomposition into oxygen results in AH —ve, AS +ve and AG - ve. 
It acts as powerful oxidising agent due to its tendency to release nascent oxygen. 


O, —— 0,+0 
E.g. PbS + 40, ——> PbSO, + 40, 
Ozone can be estimated quantitatively by titrating liberated iodine from reaction of ozone with borate buffered KI, 
against sodium thiosulphate. 
21 + H,O* + O, ——> 20H + I, + O, 
Nitrogen oxides emitted from the exhaust systems of supersonic jet aeroplanes are depleting the ozone layer. 
The two oxygen — oxygen bond lengths in the ozone molecule are identical due to resonance. 
A - N E oS . 
o; 0 <> O: Kok 
Sulphur has two allotropes i.e. Rhombic (œ-sulphur) and monoclinic (B-sulphur). 
a-sulphur is stable below 369K and transforms into B-sulphur above this. 
At 369K both allotropic forms are stable and the temperature is called transistion temperature. 
Both allotropic forms have S, molecules having puckered and crown shaped structure. 
In vapour state sulphur partly exists as S, molecule which has two unpaired electrons in the antibonding x orbitals like 


O, and hence exhibits paramagnetism. 
SO,, in laboratory is prepared by treating a sulphite with dil. H,SO,. 


So,”- + 2H+ —> H,O + SO, 
SO, is a colourless, pungent smelling gas. 
SO, is acidic in nature. 
SO, behaves as reducing agent and converts Fe** ions to Fe?* 


2Fe** + SO, + 2H,0 ——> 2Fe?* + S0,^ + 4Ht* 
SO, can decolourises acidified KMnO, solution. 


5S0, + 2MnO,- + 2H,0 ——>5SO,?" + 4H* + 2Mn?* 
SO, molecule is angular and have identical two S-O bonds due to resonance. 


T ‘Mg: < > oe No. 


Oxyacids of sulphur with S-S links are called thioacids. Acids having sulphur in lower oxidation state belong to -ous 
series while those having sulphur in higher oxidation state belong to - ic series. 


(i) Sulphurous acid (H, SO,) ——> Dibasic acid 

(ii) Sulphuric acid (H,SO,) ——> Dibasic acid 

(iii) Thiosulphuric acid (H,S,0,) ——> Dibasic acid 

(iv) Peroxymonosulphuric acid or Cara’s acid (H,SO,) ——> Dibasic 
(v) Peroxydisulphuric acid or Marshal's acid (H,S,0,) ——> Dibasic 


(vi) Dithionic acid (H,S,0,) ——> Dibasic acid 
Sulphuric acid is considered as king of chemicals. It was called oil of vitriol as it was obtained by distilling ferrous 
sulphate (green vitriol). 
Sulphuric acid can be prepared by (i) lead chamber process (ii) contact process. 
Contact process involves 3 steps: 
() Burning of S or sulphide ores in air to generate SO,. 
(ii) Conversion of SO, to SO, in presence of V,O, 


2S0, + O, —¥2°5 5 250, 
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(iii) Absorption of SO, in H,SO, to give Oleum (H,S,0,) 


SO, + H,SO, ——> (Oleum) H, S, O, 
e Dilution of oleum gives 96 - 98% pure H,SO, 
e Conditions to maximise yield is low temperature and high pressure. 
H,SO, must be added slowly into water with constant stirring. 
H,SO, acts as strong oxidising agent 


Cu + Conc. 2H,SO, ——> CuSO, + SO, + 2H,O 


C + 2H,SO, (Conc.) ——> CO, + 2S0, + 2H,O 
Conc. H,SO,, is a strong dehydrating agent. E.g. Charring action on carbohydrates. 


CH0, — 5%, 12C + 11,0 


Sugar 
H,SO, ionises in 2 steps 


H,SO, + H,O ——> H,0* + HSOj; Ka, = very large Ka, > 10 
HSOz + H,O ——> H,0+ + S0,% ; Ka, = 1.2x 10% 


The larger value of Ka, shows that H,SO, is largely dissociated into H* and HSO;. Hence it acts as a stronger acid. 
Due to its low volatility it can form more volatile acids from their corresponding salts. 


E.g. CaF, + H,SO, ——> CaSO, + 2HF 
H,SO, used in petroleum refining, metallurgical applications, storage batterries, as laboratory reagent and in paint 
and dye industry. 


GROUP 17 ELEMENTS OR VII A GROUP (HALOGENS) 


. Group 17 consists of fluorine, chlorine, bromine, iodine and astatine. 
. They are known as halogens i.e. salt producers. 
. They are highly reactive non-metals. 
. All have 7 valence electrons in their outermost shell ns*np® configuration. 
. Fluorine mainly present as insoluble fluorides i.e. fluorspar CaF,, cryolite Na,AIF, and fluorapatite 3Ca,(PO,),.CaF,. 
. Fluorine shows anomalous behaviour due to its small size, highest electronegativity, low F-F bond dissociation enthalpy and 
non availability of d-orbitals in valence shell. 
. All halogens exist as diatomic molecules X,. At room temperature, Cl, and F, are gases, Br, is a fuming liquid while I, is a 
volatile solid. 
. The intermolecular forces are weak van der Waal’s forces whose magnitude increases from F, to I,. 
. The Melting point and Boiling point of halogens increase down the group. 
. Atomic radii are smallest within their respective periods and the atomic radii increase from F to I moving down the group. 
. They have high ionisation energies in the periods and decreases down the group due to increase in size. 
. Halogens have maximum negative electron gain enthalpy due to their smallest size in their respective periods and therefore 
have high effective nuclear charge. As a consequence, they readily accept one electron to acquire noble gas electronic 
configuration. 
. Electron gain enthalpy decreases from F to I but electron gain enthalpy of F is less than that of Cl due to its small size and 
inter electronic repulsions between newly added electron and lone pairs of electrons already present in its small 2p orbital. 
. All the halogens are coloured 
F, Cl, Br, L 

Pole yellow Greenish yellow Dark red Violet 
The colour of the halogens is due to absorption of some wavelengths of visible light by their molecules to cause the 
promotion of electrons to higher energy molecular orbitals. 
. Fluorine has low bond dissociation enthalpy than Cl, due its small size and high interelectronic repulsions between lone 
pairs of electrons in 2p orbitals of fluorine. 

CI-Cl > Br-Br > F-F > I-I 
. Electronegativity decreases from fluorine to iodine and fluorine is the most electronegative element. 
. Fluorine is a stronger oxidising agent due to its low bond dissociation enthalpy and high hydration enthalpy of F- and ready 
acceptance of an electron 


E.g. F,+2X° ——> 2F +X, (X= Cl, Br or I) 


2F, + 2H,0 ——> 4H* + 4F + O, 
. The reactivity of the halogens decreases down the group F, > Cl, > Br, > L. 
. Oxidising property F, > Cl, > Br, > I. 
. Most of the reactions of fluorine are exothermic due to small and strong bond formed by it with other elements. Because it 
forms only one oxo acid. 
(a) All halogens show a common oxidation state of -1 but fluorine being most electronegative always show -1 oxidation 
state only. 
(b) Cl, Br and I show positive oxidation state +1, +3, +5 and +7 due to promotion of valence electrons to vacant d-orbitals. 
(c) +4 and +6 oxidation state are shown by all halogens except F, and form oxides and oxyacids. 
(d) Standard reduction potentials of halogens are positive and decrease from F to I. Thus halogens act as strong oxidising 
agent. 
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F- ion does not show any reducing nature but Cl, Br and TI act as reducing agents and their reducing nature is in 
increasing order Cl <Br < T 
All halogens react with hydrogen to form volatile covalent hydrides of the formula HX. 
The activity of halogens toward hydrogen decreases from F to I. These hydrides are called halogen acids. 
F, > Cl, > Br, >I, 
All halides are gases except HF which is a liquid due to intermolecular hydrogen bonding. 
The boiling point decreases in this order 
HCl < HBr < HI < HF 
The stability of halides decreases down the group due to decrease in bond dissociation enthalpy. 
H-F > HCl > HBr > HI 
The bond strength decreases from HF to HI 
HF > HCl > HBr > HI 
The reducing nature increases from HF to HI but HF does not show reducing nature. 
Acidic nature of these hydrides is HI > HBr > HCl > HF because strength of conjugate base increases as 
I < Br < Cr < F- 
(a) Halogens form many unstable oxides. Fluorine can form only two oxides OF, and O,F, because of high 
electronegativity of F than oxygen. 
(b) The higher oxides of halogens tend to be more stable than lower ones. 
(c) Oxides of Cl, Br and I are acidic and acidic character increases with increase of percentage of oxygen in them. 
(d) All the oxides of halogens are powerful oxidising agents, highly reactive and unstable towards heat. 
24. The halides in higher oxidation state of metal will be more covalent than the one in lower oxidation state. 
E.g. SnCl, > SnCl, 
The ionic character of the halides decreases in the order MF > MCI > M Br > MI 
25. (a) Due to high electronegativity and small size fluorine forms only one oxo acid HOF (hypofluorous acid). 
(b) Except fluorine all other halogens form oxyacids of the type HXO, HXO,, HXO, and HXO,. 
(c) All these acids are monobasic and halogen atom is sp? hybridized. 
(d) Acidic character increases with increase in oxidation number of the halogen. 
HClO < HClO, < HClO, < HClO, 
(e) Acidic character decreases as the electronegativity decreases. 
HClO, > HBrO, > HIO} 
(f) Oxidising nature for the same halogen decreases 
HClO > HClO, > HCIO, > HClO, 
Stability for the same halogen increases 
HClO < HClO, < HCIO, < HClO, 
The halogens on account of difference in the electronegativities combines with each other to form compounds of the 
type AB,, where A is always bigger atom and B is smaller atom and n may have values 1, 3, 5 and 7. These covalent 
compounds are called interhalogen compounds. 
AB, type interhalogens like CIF}, BrF, have Spĉd hybridization of A with T-shaped geometry. 
AB, type interhalogens like IF, and BrF, have Spd? hybridization with square pyramidal geometry. 
AB, type interhalogen like IF, have Spëd? hybridization with pentagonal bipyramidal geometry. 
All interhalogens are diamagnetic in nature. 
Interhalogens are more reactive than halogens except fluorine because A-B bond is weaker than B-B bond. 
Interhalogens are hydrolysed and act as oxidising agents. 


CIF +H,O ——> HF + HOCI 
Hypochlorous acid 
Chlorine can be prepared by Deacon’s process and electrolytic process. 
With excess NH,, chlorine gives N, and NH,Cl whereas with excess Cl,, NCI, (explosive) is formed. 


8 NH, + 3Cl, =} 6NH,Cl 
Excess) 


NH, + 3Cl, ——> NCI, + 3HC1 
excess) 
Cl, gives different products with dil and conc. alkali 


2NaOH + Cl, ——> NaCl + NaOCl + H,O 
Cold & dil.) Sodium hypochlorite 


6NaOH + 3Cl, ——> 5NaCl + NaClO, + 3H,O 
hot & conc.) Sodium chlorate 
Cl, gives bleaching powder with dry slaked lime. 


2Ca(OH), + 2Cl, ——> Ca(OCl), + CaCl, + 2H,O 
Cl, acts as oxidising agent. 


2FeSO, + H,SO, + Cl, ——> Fe,(SO,), + 2HCl 
The bleaching action of Cl, is due to oxidation. 


Cl, + H,O ——> 2HCl + O 
This nascent oxygen is responsible for bleaching. 











Join WW.JEEBOOKS.IN 


@booksforcbse 
for more. 





Chapter 7 : p-BLOCK ELEMENTS 45 


Cl, is used for preparing poisonous gases like phosgene (CoCl,), tear gas (CCl, NO,) and mustard gas (CICH,CH,SCH, 
CH,Cl). 
HCI, in laboratory is prepared by heating NaCl with conc. H,SO,. 


2NaCl + H,SO, —“°*-, Na,SO, + 2HCI 


HCl in aq. solution acts as an acid due to its high value of dissociation constant (Ka). 
HCl on treatment with iron powder does not form ferric chloride due to liberation of hydrogen which prevents the 
formation of FeCl, 


Fe + 2 HCl ——> FeCl, + H,. 


GROUP 18 ELEMENTS OR ZERO GROUP (INERT GASES) 


. Group 18 consists of seven elements i.e. Helium, Neon, Argon, Krypton, Xenon, Radon and Ununoctium. 
2. They have stable configuration i.e. ns*np® except helium (1s”). They have no tendency either to lose gain or share electrons 

with atoms of other elements. 

. They all are gases. Since they react with a few elements only under certain conditions hence called as noble gases. 

. They are chemically inactive under ordinary conditions. Hence also called as Inert gases. 

. Except Radon which is radioactive, all other members are present in the atmosphere in minute quantities. Thus they are 
termed as Rare gases. 

. They form about 1% by volume of air and Argon is the principal constituent. 

. Due to radioactive nature of Radon its half life is very short. Hence its chemistry cann’t be studied easily. 

. Due to presence of Van der waal’s radii they have large atomic radii as compared to other elements in their corresponding 
periods. 

. They have very high ionisation energy due to stable configuration. However it decreases down the group. 

. They have positive electron gain enthalpy due to stable configuration. 

. They all are mono atomic in nature. 

. All have low melting point and boiling point due to weak dispersion forces and hence can be liquefied easily. 

. Helium has the lowest boiling point among the known elements. 

. Since Helium is light and non-inflammable, it is used in filling airship’s tyres and balloons. 

. Helium is used in diving apparatus because it can be used as a diluent for oxygen due to its very low solubility in blood. 

. Liquid Helium is used as cryogenic. 

. Radon is used in radiotherapy of cancer. 

. The first noble compound prepared by Neil Bartlett was O,*[PtF,]~. It led to discovery of XePtF, since the first ionisation 
enthalpy of molecular oxygen was almost identical with that of Xenon. 

. Xenon forms compound with fluorine under different conditions 


D Xe + F — xer, 


3bar 
(Excess) 


G) Xe + 2Fe SAK, xp, 


, 7bar 
(1: 5 ratio) 


(iii) Xe + 3F, ob? XeF, 
(1 : 20 ratio) 
. Xenon fluorides give different hydrolysis products. 
() 2XeF, + 2H,O ——> 2Xe + 4HF + O, 
(ii) 6XeF, + 12H,O ——> 4Xe + 2XeO, + 24HF + 30, 
i Complete 
(iii) XeF, + 3H,0 Hydrolysis” XeO, + 6HF 
Partial 
XeF, t H,O Hydrolysis 
. XeO, is an explosive. 
. Shapes and Hybridisation of different Xenon compounds 
(i) XeF, sp°d linear 
(ii) XeF, spd? Square planar 
(iii) XeF, spd Distorted octahedral 
(iv) XeO, sp? Pyramidal 
(v) XeO, sp? Tetrahedral 
(vi) XeOF, sp? T-shaped 
(vii) XeOF, spd? Square pyramidal 
(viii) XeO,F, sp°d See-Saw 


XeOF, + 2HE 
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Previous Years’ CBSE Examination Questions 


Very Short Answer Type Questions (VSA) 
(1 Mark) 


1. Why is Bi(v) a stronger oxidant than Sb(v)? 
(Delhi) 
The stability of +5 oxidation state decreases and 
that of +3 state increases due to inert pair effect 
down the group therefore Bi(v) accepts two 
electrons and gets reduced to Bi (v). 
Bid+ + 2e- — Bi+ 

2. Which is a stronger oxidizing agent Bi(v) or 
Sb(v)? (Delhi) 
Bi(v) is stronger oxidizing agent due to inert pair 
effect. 
3. Why is red phosphorus less reactive than white 
phosphorus? (All India) 
Because white phosphorus has angular strain in 
its P, molecules where the angle is only 60°. 


Ans. 


Ans. 


Ans. 





4. Why does NO, dimerise? (Delhi) 
Ans. NO, contains 7 + 2 x 8 i.e. 23 odd electrons. In the 
valence shell N has seven electrons and hence less 
stable. To acquire stability it dimerizes to form N,O, 


ey 
r N 


O O 


5. What is the oxidation number of phosphorus in 


H,PO, molecule? (Delhi) 
Ans. H,PO, 
3+x-4 =0 o x-1=0 sx=+41 


Thus oxidation number of P in H,PO, = +1. 
6. Draw the structure of O, molecule. (Delhi) 
Ans. Structure of Ozone (O,) : Angular structure 
@ ® 
oot a" Q 
Oğ x L “Sag 


ve 
ZR, 
on TTN 


I Resonating structure II Resonance hybrid 


7. Fluorine does not exhibit any positive oxidation 
state. Why? (All India) 
Since fluorine is the most electronegative element 
and does not have d-orbitals in its valence shell, 
therefore, it cannot expand its octet and hence 
does not show positive oxidation state (O.5.) 
while other halogens have d-orbitals and 


Ans. 


therefore exhibit many oxidation states. 
8. Give the TUPAC name of the following 
compound : 


Q 


(All India) 
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H,C CH 
3 ee we R 
T wee 
a 
CH, 
Ans. IUPAC name : 2-Bromo-3-methylpent-3-ene 
9. Nitrogen is relatively inert as compared to 
phosphorus. Why? (All India) 
Ans. Because P—P single bond is much weaker than 
NEN triple bond and the bond length of nitrogen 
is small and bond dissociation energy is very 
large which makes it inert and unreactive and 
thus phosphorus becomes more reactive. 
10. Draw the structure of XeF, molecule. (Delhi) 
Ans. XeF, : | 
F 
Shape : Linear 
11. Draw the structure of XeF, molecule. (Delhi) 
Ans. XeF, : spĉôd? hybridization 
Shape — Square planar 
F 
F 
F 
F 
12. Draw the structure of BrF, molecule. (Delhi) 
Ans. Refer to Q. 49 (ii), Page 48 
13. Which one of PCI} and PCI; is not likely to 
exist and why? (Delhi) 
Ans. PCl}, because P has 10 electrons which cannot be 
accommodated in sp? hybrid orbitals. 
14. Of PH, and H,S which is more acidic and why? 
(Delhi) 
Ans. H,S, because of higher electronegativity of 
sulphur. 
15. Which is a stronger reducing agent, SbH, or 


(All India) 
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BiH,, and why? 


Ans. 


16. 


Ans. 


17. 


Ans. 


18. 


Ans. 


19. 


Ans. 


20. 


Ans. 


21. 
Ans. 


22. 


Ans. 


23. 


Ans. 


BiH, : Because it is stronger reducing agent as its 
tendency to liberate H is maximum. 
What is the basicity of H,PO, acid and why? 
(All India) 
HPO, has one replaceable H atom so it is 
monobasic. 
Though nitrogen exhibits +5 oxidation state, it 
does not form pentahalide. Why? 
(Comptt. Delhi) 
Due to non-availability of d-orbitals in its valence 
electronic configuration nitrogen does not form 
pentahalide. 
Noble gases have low boiling points. Why? 
(Comptt. Delhi) 
Noble gases being monoatomic have no 
interatomic forces except weak dispersion force 
and therefore, they are liquified at very low 
temperature. Hence, they have low boiling point. 
Write a reaction to show the reducing behaviour 
of H,PO,. (Comptt. Delhi) 
HPO, reduces AgNO, to metallic Ag : 
4AgNO, + 2H,O + HPO, > 
4Ag + 4HNO, + HPO, 
Why does PCI, fume in moisture? 
(Comptt. Delhi) 
PCI, hydrolyses in moisture giving fumes of HCl. 
PCI, + 3H,O > H,PO, + 3HCI 
Why does NO, dimerise ? (Comptt. All India) 
NO, contains odd number of valence electrons. It 
behaves as a typical odd molecule. On 
dimerisation, it is converted to stable N,O, 
molecule with even number of electrons. 
Why is ICI more reactive than I,? 
(Comptt. All India) 
IC] is more reactive than I, because I-Cl bond is 
weaker than I-I bond of I. 
Why is BiH, the strongest reducing agent amongst 
all the hydrides of group 15 elements? 
(Comptt. All India) 
Reducing nature depends upon the stability of M- 
H bond. As the stability of the bond decreases 
from N to Bi hydrides, BiH, is the strongest 
reducing agent. 





24. 
Ans. 


25. 


Ans. 


26. 


What is the covalency of nitrogen in N,O,? (Delhi) 
The covalency of nitrogen in N,O, is 4 because 
each nitrogen atom has four shared pairs of 
electrons. 

What inspired N.Bartlett for carrying out 
reaction between Xe and PtF,? (Delhi) 


Since PtF, oxidises O, to O,*, Bartlett thought that 
PtF, should also oxidise Xe to Xet because the 
ionization enthalpies of O, (1175 kJ mol!) and Xe 
(1170 kJ mol) are quite close. 

What happens when ethyl chloride is treated 
with aqueous KOH? 


Q 


(Delhi) 
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Ans. 


27. 
Ans. 
28. 
Ans. 


29. 


Ans. 


30. 


Ans. 


31. 


Ans. 
32. 


Ans. 


33. 


Ans. 


34. 


Ans. 


35. 


Ans. 
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C,H,Cl + aq. KOH —*— > C,H,OH + KCI 

Chloroethane Ethanol 
Name two poisonous gases which can be 
prepared from chlorine gas. (All India) 
(i) Phosgene gas (COCI,) and (ii) Chloropicrin or 
tear gas (CCI,NO,). 
Which aerosol depletes ozone layer? (All India) 
Aerosols like foams, sprays etc. contain freons 
which are responsible for depletion of ozone 
layer. 
What is the basicity of H,PO, and why? 

(All India) 


O 
The basicity of H,PO, is 2 | 
because it contains only two P 
ionizable H-atoms which are Ho. \ 
present as OH groups. A 
OH H 


Why does PCI, fume in moisture? 
(Comptt. Delhi) 
Phosphorus trichloride reacts readily with water 
giving phosphorus acid and hydrochloric acid. 
Reaction is very quick and exothermic 
PC + 3H,0 > H,PO, + HCl 
Phosphorus acid 
Draw the structure of H,PO, molecule. 
(Comptt. Delhi) 
Refer to Q. 92 (i), Page 53 
Fluorine exhibits only -1 oxidation state 
whereas other halogens exhibit +1, +3, +5 and +7 
oxidation states also. Why is it so? 
(Comptt. Delhi) 
It is because fluorine is the most electronegative 
element and it does not have d-orbitals. 
Though nitrogen exhibits +5 oxidation state, it 
does not form pentahalide. Why? 
(Comptt. All India) 
Due to absence of d-subshell in N atom. 
Bond enthalpy of fluorine is lower than that of 
chlorine. Why? (Comptt. All India) 
Because F, is very small and its interelectronic 
repulsions between the lone pairs of electrons are 
very large. 
Write the structural formula of PCI,(s). 
(Comptt. All India) 
PCI, (s) 


Cl a 


Cl 


Cl 
Cl 


Spĉd hybridisation 
Shape : Trigonal bipyramidal 
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36. 


Ans. 


37. 


Ans. 
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HF is a weaker acid than HCl. Why? 
(Comptt. All India) 
Because of higher bond dissociation energy and 
strong H-bonding in HF. 
Draw the structure of XeF, molecule. 
(Comptt. All India) 


XeF,: Refer to Q. 68 (ii), Page 51 





38. 
Ans. 


39. 
Ans. 


40. 
Ans. 


41. 


Ans. 


What is the basicity of H,PO,? (All India) 
Basicity of H,PO, = 2 

Because basicity is the number of replaceable Ht 
ions in an acid and H,PO, is a Dibasic acid. 
Why does NO, dimerise? (All India) 
NO, contains 7 + 2 x 8 i.e. 23 odd electrons. In the 
valence shell N has seven electrons and hence less 
stable. To acquire stability it dimerizes to form 
N,O,. 


NA 
Mv N 


O O 


Why does NH, act as a Lewis base? (All India) 
Due to presence of lone pair on nitrogen NH, acts 
as a Lewis base. 
Why is F, a stronger oxidising agent than Cl,? 
(Comptt. All India) 
Due to low bond dissociation enthalpy and high 
electronegativity of Fluorine, it has strong 
tendency to accept electrons and thus get 
reduced. 


F+e —>F 
Therefore F, acts as strong oxidising agent, while 
Cl, is weak oxidising agent due to low 
electronegativity. 





42. 
Ans. 


43. 


Ans. 


44. 


What is the basicity of H,PO,? 
Since there are 3 OH 
groups present in p. | 


H,PO,, its basicity is 3. 
Bes 


Write the formulae of any two oxoacids of 
sulphur. (All India) 
H,SO, and H,SO, 


(Delhi) 


On adding NaOH to ammonium sulphate, a 
colourless gas with pungent odour is evolved 
which forms a blue coloured complex with Cu2*+ 
ion. Identify the gas. 


Q 


(Delhi) 
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Ans. 


45. 


Ans. 


The gas with a pungent odour is Ammonia (NH;) 
and the blue coloured complex is Tetra-ammine 
copper (II) sulphate monohydrate. 

Pb(NO,), on heating gives a brown gas which 
undergoes dimerization on cooling. Identify the 
gas. (All India) 
The brown gas is nitrogen dioxide (NO,) which 
can dimerize to N,O, 


2Pb(NO,), —> 2PbO + 4NO, + O, 





46. 


Ans. 


47. 


Ans. 
48. 


Ans. 


Write the formula of the compound of 
phosphorus which is obtained when conc. 
HNO, oxidises P,. (All India) 


P, + 20HNO;——> 
4H3,PO, + 20NO, + 4H,O 
Phosphoric acid Nitrogen dioxide 
Write the formula of the compound of sulphur 
which is obtained when conc. HNO, oxidises S, 
(All India) 


Sg + 48HNO, ——-> 8H,SO, + 48NO, + 16H,O 
Write the formula of the compound of iodine 
which is obtained when conc. HNO, oxidises I,. 

(All India) 


L + 10HNO, —— 2HIO, + 10NO, + 4H,O 


Short Answer Type Questions-I (SA-1) 


(2 Marks) 





49. 


Ans. 


. Complete the following 


. Complete the following 


Draw the structures of the following molecules : 
(i) XeF, (ii) BrF, (Delhi) 
(i) ) XeF, (ii) ) BrF, 


Li Y 


Shape : Square planar a : T-shape 


chemical reaction 
equations : (Delhi) 


(i) P, (s) + NaOH (aq) + H,O (1) ——> 
(ii) F (aq) + H,O (D) + O, (8) ——> 


(i) P, (s) + 3NaOH (aq) + 3H,O () ——> 
PH, (g) + 3NaH,PO, (s) 
Phosphine od T 
hypophosphite 


(ii) 2I (aq) + H,O (1) + O, (8) ——> 
I, (s) + 20H- (aq) + O, (g8) 
chemical reaction 
equations : (All India) 
(i) XeF, (s) + H,O (1) — (ii) PH, + HgCl, > 
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Ans. (i) 2XeF,(s) + 2H,O(1) ——> 2Xe(g) + 4HF(aq) + O,(g) 
Xenondifluoride Xenon Hydrogen fluoride 
(ii) 2PH, + 3HgCl, —— Hg,P, + 6HCl 
PhosphineMercuric chloride Mercuric phosphide 
52. Draw the structures of white phosphorus and red phosphorus. Which one of these two types of 
phosphorus is more reactive and why? (Delhi) 
Ans. P P P 
<1 bS <] ><] = 
. ra J P j P 
Structure of white phosphorus : Tetrahedral structure Structure of red phosphorus : Polymeric structure 
White phosphorus is more reactive due to its discrete tetrahedral structure and angular strain. 
53. Draw the structural formulae of molecules of following compounds : 
(i) BrF, and (ii) XeF, (Delhi) 
Ans. Refer to Q. 49, Page 48 
54. Complete the following chemical reaction equations : 
(i) I, + HNO, > (ii) HgCl, + PH, > (All India) 
(Conc.) 
Ans. (i) I, + 1OHNO, ——> 2HIO, + 10NO, + 4H,O 
(Conc.) 
(ii) 2PH, + 3HgCl —— Hg,P, +  6HCl 
Phosphine  Mercuric chloride | Mercuric phosphide 
55. Draw the structural formulae of the following compounds : 
(i) H,P,O, (ii) XeF, (All India) 
Ans. (i) H,P,0,; (Pyrophosphorous acid) : (ti) XeF,: 
O oO 
P P 
a ar a 
HO OH 
56. Complete the following chemical reaction equations : 
(i) NaOH + CL, > (ii) XeF, + H,O > (All India) 
(cold and dilute) (excess) 
Ans. (i) 2NaOH + Cl, ——> NaCl + NaOCl + H,O 
(cold and dilute) Sod. hypochlorite 
(ii) XeF, + 3H,O ———> XeO, + 6HF 
(excess) 
57. State reasons for each of the following : 
(i) The N-O bond in NO; is shorter than the N-O bond in NO}. 
(ii) SF, is kinetically an inert substance. (Delhi) 
Ans. (i) The resonating structure of NO; and NO; show that in NO; two bonds are sharing a double bond 





while in NO3, 3 bonds are sharing a double bond. That’s why NO; has shorter bond than that of NO3. 


6 SO SF] GSS, 
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(ii) Because SF, is showing steric hindrance due 
to 6 (six) fluorine atoms which make it 
unable to react further with any other atom. 

58. State reasons for each of the following : 

(i) All the P-Cl bonds in PC1, molecule are not 
equivalent. 

(ii) Sulphur has greater tendency for catenation 
than oxygen. (Delhi) 

(i) The PCI, molecule has sp°d hybridization 

and trigonal bipyramidal geometry. 
Therefore it has 3 equatorial P -C1 bonds and 
two axial P—Cl bonds. Since two axial P- Cl 
bonds are repelled by 3 bond pairs while 3 
equatorial bonds are repelled by two bond 
pairs, so axial bonds are longer than 
equatorial bonds. 


Ans. 


cl 


Cc 





Cl 
240 Pm 
cl 


(ii) Refer to Q. 107 (ii), Page 55 





59. Explain the following giving an appropriate 
reason in each case. (Delhi) 
(i) O, and F, both stabilize higher oxidation 
states of metals but O, exceeds F, in doing 

so. 

(ii) Structures of Xenon fluorides cannot be 
explained by Valence Bond approach. 

(i) This is due to the ability of oxygen to form 
multiple bonds to metals. 

(ii) This is because the energy required for the 
promotion of electrons in Xenon is very high. 
Energy factor does not favour VB approach. 

60. Explain the following facts giving appropriate 
reason in each case : 

(i) NF, is an exothermic compound whereas 
NCI, is not. 

(ii) All the bonds in SF, are not equivalent. 

(All India) 

(i) The bond energy of F — F bond is lower than 
that of N -F bond so NF, is an exothermic 
compound. On the other hand bond energy 
of Cl-Cl bond is higher than that of 
N-Cl bond so NCI, is an endothermic as 
well as unstable compound. 


Ans. 
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(ii) SF, has trigonal F 
bipyramidal structure in F 
which one position of 
equitorial is occupied by 
a lone pair of electrons. 
Sulphur undergoes sp°d 
hybridisation and has F 
sea-saw geometry. F 

61. Explain the following : 
(a) Xenon does not form such fluorides as XeF, 
and XeF,. 
(b) Out of noble gases, only Xenon is known to 
form real chemical compounds. 
(Comptt. Delhi) 
(a) By impairing of one paired orbital, two 
singly occupied orbitals come into 
existence.Thus, either two or four or six 
singly occupied orbitals can be formed 
instead of one, three or five singly occupied 
orbitals. Hence XeF, XeF, or XeF, are not 
formed. 
Xe atom has a large size and lower ionisation 
potential and hence the force of nucleus over 
the electrons is weak and hence very small 
energy can excite the electrons and hence it is 
easier for Xenon to form compounds than 
other noble gases. 

(a) Which form of sulphur shows paramagnetic 
behaviour and why ? 

(b) Fluorine exhibits only -1 oxidation state 
whereas other halogens exhibit +1, +3, +5 or 
+7 oxidation states also. Explain as to why. 

(Comptt. All India) 

(a) In vapour state sulphur partly exists as S, 
molecule which has two unpaired electrons 
in the antibonding n* orbitals like O, and 
hence exhibits paramagnetism. 

(b) It is because fluorine is the most 
electronegative element and it does not have 
d-orbitals. 

How is XeO, obtained? Write the related chemical 
equations. Draw the structure of XeO, 

(Comptt. All India) 
Hydrolysis of XeF, and XeF, with water gives 
XeO, 
6XeF, + 12H,O — 4Xe + 2XeO, + 24HF + 30, 
XeF,+3H,O — XeO,+ 6HF 


y IN 
O | O 
Shape : XeO, is pyramidal structure 
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Ans. 


(b 
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62. 


Ans. 


63. 


Ans. 
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By direct combination : 





64. What happens when Example : 
(i) PCI, is heated? (ii) H,PO, is heated? CI, +F, R 2CIF 
Write the reactions involved. (Delhi) (equal volumes) Chlorine monofluoride 
Ans. (i) On heating PCI, ae into PCl, + Cl, Cl, + 3F, 573K 2CIF, 
PCl; + CO — PCI, + Cl, (excess) Chlorine trifluoride 
(ii) Orthophosphorous acid on heating I, + 7E, pee 2IF, 
disproportionates to give orthophosphoric Iodine heptafluoride 
acid and phosphine. 67. Draw the structures of the following molecules : 
j ji All Indi 
4H,PO, ——>» 3HPO, + PH, eed ES, a 
Gineuhoschorgie Grthophosendite Phosphine Ans. () XCF, : Refer to Q. 143 (a), Page 63 
acid meld (ii) H,S,O, : Refer to Q. 130 (a), Page 59 
65. Draw the structures of the following molecules: 68. Draw the structures of the following molecules : 
(All India) (i) N,O, (ii) XeF, (All India) 
(i) XeOF, (ii) H PO, Ans. (i) N,O,: 
Ans. (i) XeOF, 0: 
F F . N ds 
v So 
Planar 
A (ii) XeF, : spd 
F F 
E , 
Shape : Square pyramidal | 
(ii) H,PO, (phosphorus acid) C> Xe 1) 
o C| 
| l 
Shape : Linear 
BA ei Angle : F-Xe - F > 90° 
zi | 69. Explain the following : 
OH (a) NO, readily forms a dimer. 


(b) BiCl, is more stable than BiCl,. 


Shape : Tetrahedral (Comptt. Delhi) 


66. How are interhalogen compounds formed? What 
general compositions can be assigned to them? 

(All India) 

Ans. Interhalogen compounds : Halogens react with 

each other to form a number of compounds called 


Ans. (a) Refer to Q. 4, Page 46 
(b) BiCl, is more stable than BiCl, due to inert 
pair effect because as we move down the 
group, the stability of +3 oxidation state 


interhalogen compounds, whose general formula increases and of +5 decreases. 
is XX’n. 
where| X = less electronegative atom (have larger size) Te 
X’ = more electronegative atom (have smaller size) 70. Complete the following chemical equations : 
n = no. of more electronegative atoms (i) Ca,P, + H,O > 
They are of four types : (ii) Cu + H,SO, (conc.) > (Delhi) 

XX = CIF, BrẸ, IF, BrCl, ICI, IBr Ans. (i) CaP, + 6H,O > 2PH, + 3Ca(OH), 
XX’, = CIF, BrF,, IF; IC1, (ii) Cu + 2H,SO, (conc.) > CuSO, + 2H,O + SO, 
XX’, = CIF, BrF;, IF; 71. Arrange the following in the order of property 


XX", = IF, indicated against each set : 
Naming : The halogen with positive oxidation (i) HF, HCl, HBr, HI - increasing bond 


state named first and with negative oxidation dissociation enthalpy. 





state named after first with suffix ‘ide’. (ii) H,O, H,S, H,Se, H,Te = increasing acidic 
Example : BrCl, — Bromine trichloride character: (Delhi) 
IF, > Iodine heptafluoride Ans. (i) HI < HBr < HCI < HF 

Preparation of Interhalogen Compounds : (ii) H,O < H,S < H,Se < H,Te 
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72. 


Ans. 


73. 


Ans. 


74. 


Ans. 


75. 


Ans. 


76. 


Ans. 


77. 


Ans. 


78. 


Ans. 


79. 


Ans. 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


Complete the following equations : 
(i) P, + H,O > 

(ii) XeF, + O,F, > 
(i) P, + 6H,O > 2PH, + 2H,PO, 


(ii) XeF, + OF, — K, XeF, + O, 


Draw the structures of the following : 

(i) XeF, (ii) BrF, (All India) 
(i) XeF, : Refer to Q. 84 (ii), Page 52 

(ii) BrF, (SP°d hybridization) 


(All India) 


F 

| 
a 

F 


Shape : Bent T-shape 
Complete the following equations : 
(i) Ag + PCI; = 
(ii) CaF, + H,SO, > 
(i) Ag + PCl; > 2AgCl + PCl, 
(ii) CaF, + H,SO, —> CaSO, + 2HF 
Draw the structures of the following : 
(i) XeF, (ii) HCIO, (All India) 
(i) XeF,: Refer to Q. 55 (ii), Page 49 
(ii) HCIO,: Refer to Q. 129 (a), Page 59 
Complete the following equations : 
(i) C + conc. H,SO, > 
(ii) XeF, + H,O > 


(i) C + 2H,SO, (conc.) ——> 
CO, + 250, + 2H,O 


+ 2H,O(1) ——> 


(All India) 


(All India) 


(ii)  2XeF,(s) 


Xenondifluoride 
2Xe(g) + 


Xenon 


4HF(aq) 
Hydrogen fluoride 
Draw the structures of the following : 
(i) XeO, (ii) H,SO, (All India) 
(i) XeO,: Refer to Q. 168 (a), Page 71 
(ii) H,SO,: Refer to Q. 84 (i), Page 52 
Draw the structure of each of the following: 
(i) H,SO, (ii) Solid PCI, 
(Comptt. Delhi) 
(i) H,SO,: Refer to Q. 84 (i), Page 52 
(ii) PCI, (g): Refer to Q. 35, Page 47 


+ O,(g) 


Draw the structures of the following compounds : 
(i) H,SO, (ii) N,O; (Comptt. Delhi) 
(i) H,SO, (ii) N,O; 

Q ð; 
re ö 
g > OH o 
H ò NSS 
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80. Complete the following chemical equations : 
@ Pa, =, 
(ii) NaHCO, + HCl — (Comptt. Delhi) 
Ans. (i) PCl; PCI, + Cl, 
(ii) NaHCO, + HCl —> NaCl + H,O + CO, 
81. Complete the following chemical equations : 
(Comptt. All India) 
(i) SO, + MnO, + H,O > 
(ii) F, (g) + H,O (D) > 
Ans. (i) 550, + 2MnO, + 2H,O ———> 
550,7 + 2Mn2* + 4H* 
(ii) Fluorine oxidises H,O to O, and O, 
2F, (g) + 2H,0() ——> 
4H* (aq) + 4F (aq) + O,(g) 
3F,(g) + 3H,O(l) ——> 
6H* (aq) + 6F (aq) + O;(g) 
82. Complete the following chemical reaction 
equations : 
© KCIO, mo” (Îi) XeF, + H,O > 
(Comptt. All India) 
P Heat 
Ans. (i) 2KCIO; yo,” 2KC1 + 30, 
(ii) 6XeF, + 12H,O ——> 
4Xe + 2XeO, + 24HF + 30, 
83. Complete the following chemical equations : 
(i) P, + SOCI, > 
(ii) F, (Excess) + Cl, ~“*, 
(Comptt. All India) 
Ans. (i) P, + 85OCl, ——> 4PCl, + 4SO, + 25,Cl, 
(i) 3F, + Cc, — >. goin, 
(excess) 
84. Draw the structures of the following : 
(i) H,SO, (ii) XeF, (Comptt. Delhi) 
Ans. (i) Structure of H,SO, 
O 
HOZ?\G 
OH 
Tetrahedral 


(ii) Structure of XeF, 


CD x 
apo 


Linear 
85. Explain the following : 


a= >< 


(i) Nitrogen is much less reactive than 
phosphorus. 
WW.JEEBOOKS.IN 


(ii) NF, is an exothermic compound but NCI, is 
an endothermic compound. 
(Comptt All India) 

(i) Due to presence of weak single bond in P-P 
than N = N, phosphorous is more reactive 
than nitrogen and also because of high bond 
dissociation enthalpy of N = N. 
Due to smaller size of F as compared to Cl, the 
N-F bond is much stronger than N -C1 bond 
while bond dissociation energy of F, is much 
lower than that of Cl,. Therefore, energy 
released during the formation of NF, molecule 
is more than the energy needed to break N, 
and F, molecules into individual atoms. In other 
words, formation of NF, is an exothermic 
reaction. 
The energy released during the formation of NCI, 
molecule is less than the energy needed to break 
N, and Cl, molecules into individual atoms. Thus 
formation of NCI, is an endothermic reaction. 


Ans. 


(ii 


wa 





86. What happens when: 

(i) SO, gas is passed through an aqueous 
solution of Fe** salt? 

(ii) XeF, reacts with SbF,? (All India) 

(i) In this sulphur dioxide acts as a reducing 
agent and reduces Fe*+ to Fe**. 
2Fe*+ + SO, + 2H,0 ——> 2Fe*+ + SO,? + 4H* 

(ii) XeF, + SbF; —> [XeF,]” [SbF6]. 

87. Draw the structures of the following compounds 


Ans. 


(i) BrF, (ii) XeF, 
(All India, Comptt. Delhi) 
Ans. (i) BrF, 
Ey )—_® 
© 
T-shape 
(ii) XeF, 


Square planar 
88. What happens when : 
(i) Concentrated H,SO, is added to calcium 
fluoride? 
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(ii) SO, is passed through water? 
(Comptt. All India) 
with CaF, giving 


Ans. (i) Conc. H,SO, reacts 


Hydrogen Fluoride 


CaF, + H,SO, ——> CaSO, + 2HF 
(ii) SO, passed in water giving Sulphuric Acid 


SO, + H,O —> H,SO, 








89. Complete the following reactions: 
(i) NH, + 3Cl, (excess) ——> 
(ii) XeF, + 2H,0 ——> 
(i) NH, + Cl, ——> 


(Excess) 


(Delhi) 


NCI, + 3HCI 
Nitrogen trichloride 


(ii) XeF + 2H,O ——> XeO,F, + 4HF 


Ans. 


90. What happens when HPO, is heated? (Delhi) 
Ans. 4H;PO, —t, 3H3;PO, + PH; 


Phosphorous acid Phosphoric acid Phosphine 
91. Draw the structures of the following: 
(i) H,S,O, (ii) XeF, 


Ans. (i) H,S,O, (Pyrosulphuric acid or Oleum) 


O O 
| | 
a 
o%/ ~o~ \No 
OH OH 
(ii) Refer to Q. 143 (a), Page 63 
92. Draw the structures of the following: 


(i) HPO, (ii) XeF, 
(i) H,PO, 


(Delhi) 
Ans. 


i 
P 
i 


(ii) XeF, 


Qa 
mooi 


93. Complete the following reactions: 

(i) Cl, + H,O ——> 

(ii) XeF, + 3H,O ——> (Delhi) 
(i) Cl, +H,O ——> [HCl + HOCI] > 2HCI + [O] 


(ii) XeF, + 3H,O ——> XeO, + 6HF 
94. What happens when 
(i) conc. H,SO, is added to Cu? 


Ans. 


WW.JEEBOOKS.IN 


54 Shiv Das Chapterwise Question Bank (Chemistry XII) 


(ii) SO, is passed through water? 
Write the equations. (Delhi) 


(i) Cu+2H,SO, (conc.) ——> CuSO, + 2H,O +SO, 


(ii) SO, + H,O ——> H,SO, 

Draw the structures of the following: 
(i) H,P,O, (ii) XeOF, 
(i) HyP,O, 


Ans. 


95. 


Ans. 
no f 
P P 
a / ae \Non 
OH OH 


(ii) Refer to Q. 65 (i), Page 51 
96. Complete the following chemical equations: 
(i) F, + 2Cl ——> 
(ii) 2XeF, + 2H,0 ——> 
(i) F, + 2Cl ——> Cl, + 2F 
(ii) 2XeF, + 2H,O ——> 2Xe + 4HF + O, 
What happens when 
(i) HCl is added to MnO,? 
(ii) PCI, is heated? 
Write the equations involved. (Delhi) 
(i) When HCI is added to MnO,, chlorine gas is 
formed, along with other products. 


MnO, + 4HCl ——> MnCl, + 2H,O + Cl, 
(i) PCI; —“— PCI, + Cl, 
Draw the structures of the following: 
(i) H,SO; (ii) HCIO, (All India) 
(i) Structure of H,SO; (Sulphurous acid): 


Q 


S 
Ho~/ So: 
HO 
(ii) Structure of HCIO, (Chloric acid): 


:0: — H 


| 


99. Draw the structures of the following: 
(a) H,S,O, (b) CIF, 


(Delhi) 
Ans. 


97. 


Ans. 


98. 


Ans. 


(All India) 


Ans. (a) Structure of H,S,O,: 
i Į 
S S 
OH HO 


Q 
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100 


Ans 
101 


Ans 


102. 


Ans. 


103 


104 


Ans. 


(b) Structure of CIF,: 


F 
a 
F 
. Draw the structures of the following: 


(a) XeF, (b) BrF, 
. Refer to Q. 169 (b), Page 71 


. “Orthophosphoric acid (H,PO,) is non-reducing 


(All India) 


whereas hypophosphorus acid (H,PO,) is a 
strong reducing agent.” Explain and justify the 
above statement with suitable example. 
(Comptt. Delhi) 
. Refer to Q. 106, Page 55 
(a) What is the covalence of nitrogen in N,O,? 
(b) BiH, is a stronger reducing agent than 
SbH,, why? (Comptt. Delhi) 
(a) The covalency of nitrogen in N,O, is 4 
because each nitrogen atom has four shared 
pairs of electrons. 
(b) BiH, : Because it is a stronger reducing agent 
as its tendency to liberate H is maximum. 
. Account for the following : 
(i) The two oxygen-oxygen bond lengths in 
ozone molecule are identical. 
(ii) Most of the reactions of fluorine are 
(Comptt. Delhi) 
(i) Refer to Q. 115 (iii), Page 56 
(ii) Due to much higher electrode potential, high 


exothermic. 


electro-negativity and low bond dissociation 
enthalpy of F,. 
. Account for the following : 
(i) Two S-O bond lengths in SO, are equal. 

(ii) Fluorine shows only -1 oxidation state in 
its compounds. (Comptt. Delhi) 
(i) Due to resonance in SO, the double bond (n) 
electrons are distributed equally in both 


resonating structures as a result of which the 
bond length of two S-O becomes equal. 


E as ao J és KA 

SX <-— ZS Z SNA 
laS 0% > Ml = 00” 
| ol 1 109.5° 
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(ii) Because it is most electronegative element 
and does not have d-orbitals for octet 
expansion, therefore it shows only a 
negative oxidation state of —1. 


105. Account for the following: 


(i) Bond angle is NH} is higher than that in 
NH,. 
(ii) ICI is more reactive than I,. 
(Comptt. Delhi) 


Ans. (i) Because in NH; ion there is no lone pair of 
electrons which is present in NH, due to 
which lone pair-bond pair repulsion occurs 
and bond angle decreases from 109°28’ to 
107.3°. 

Because I-Cl bond is weaker than I-I bond 
as a result of which ICI breaks easily to 
form halogen atoms which readily bring 
about the reaction, hence more reactive. 


106. “Orthophosphoric acid (H,PO,) 
reducing agent whereas hypophosphorus acid 


(ii 


wa 


is not a 


(H,PO,) is a strong reducing agent.” Explain 
and justify the above statement with the help 
(Comptt. All India) 


Ans. Orthophosphoric acid (HPO,) is not a reducing 


of a suitable example. 


agent because it doesn’t contain any P-H bond 
(H;PO,) is a 
strong reducing agent as it contains two P-H 
bonds. H,PO, can reduce silver nitrate (AgNO,) 
into metallic silver which H,PO, can not. 


whereas hypophosphorus acid 


4AgNO, + H,PO, + 2H,0 ——> 
4Ag 4 + H,PO, + 4HNO, 


Short Answer Type Questions-Il (SA-I1) 
(3 Marks) 





107. Account for the following : 
(i) NH, is a stronger base than PH,. 
(ii) Sulphur has a greater tendency for 
catenation than oxygen. 
(iii) Bond dissociation energy of F, is less than 
that of Cl,. (Delhi) 
(i) Since both P and N contain lone pairs of 
electrons but due to small size and high 
electronegativity of Nitrogen in NH,, the 
electron density is much higher than PH,, 
therefore it can easily donate electrons and 
acts as strong Lewis base than PH}. 
The greater catenation tendency of sulphur 
is due to two reasons : 


Ans. 


(ii 


Q 


< 
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(a) The lone pair of electrons feels more 
repulsion in O-O bond than S-S bond 
due to its small size and thus S-S forms 
strong bond. 

(b) As the size of atom increases down the 
group from O-PO, the strength of bond 
increases and therefore  catenation 
tendency also increases. 

(iii) Due to smaller size of F than Cl as a result of 
which electron-electron repulsions between 
the lone pairs of electrons are very large than 
that of Cl, hence bond dissociation energy of 
F, is less than that of Cl,. 

108. Explain the following situations : 

(i) In the structure of HNO, molecule, the 
N-O bond (121 pm) is shorter than N-OH 
bond (140 pm). 

(ii) SF, is easily hydrolysed whereas SF, is not 
easily hydrolysed. 

(iii) XeF, has a straight linear structure and not 


a bent angular structure. (Delhi) 
HO-—N=O 
Ans. (i) Y% In the structure the bond length 


of N-O is shorter due to formation of 
coordinate bond and double bond while in 
N-OH the bond is single covalent due to 
which its bond length is greater than other 
N-O bond. 
(ii) In SF,, due to less steric hindrance by four F 
atoms, H,O molecules can attack easily while 
in SF, the S atom is completely protected by 
six F atoms and does not allow H,O 
molecules to attack the S atom. 
In XeF, there are 2 bond pairs and 3 lone 
pairs and thus show sp°d hybridization. It 
has linear geometry. 


(iii 


wa 


109. Explain the following observations : 

(i) Fluorine does not exhibit any positive 
oxidation state. 

(ii) The majority of known noble gas 
compounds are those of Xenon. 

(iii) Phosphorus is much more reactive than 
nitrogen. (Delhi) 

(i) Because it is most electronegative element 
and does not have d-orbitals for octet 
expansion, therefore it shows only a negative 
oxidation state of —1. 

(ii) Because xenon has least ionization energy 
among noble gases and hence it readily 
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forms chemical compounds particularly with 
oxygen and fluorine. 

Because P-P single bond is much weaker 
than N=N triple bond and the bond length 
of nitrogen is small and bond dissociation 
energy is very large which makes it inert and 
unreactive and thus phosphorus becomes 
more reactive. 


(iii 


wa 





110. How would you account for the following : 
(i) NCI, is an endothermic compound while 
NF, is an exothermic one. 
(ii) XeF, is a linear molecule without a bend. 
(iii) The electron gain enthalpy with negative 
sign for fluorine is less than that for 
chlorine, still fluorine is a stronger 
oxidising agent than chlorine. (All India) 
(i) F is more electronegative than Cl. 
The difference in the  electronegativity 
between N and F is much more than the 
difference between electronegativity of N 
and Cl. So there is need of much more energy 
to break the N-F bond. 
(ii) Refer to Q. 108 (iii), Page 55 
(iii) Because of small size of flourine atom and 
strong electron-electron repulsions in its 
compact 2p orbitals. 
111. How would you account for the following : 
(i) The electron gain enthalpy with negative 
sign is less for oxygen than that for sulphur. 
(ii) Phosphorus shows greater tendency for 
catenation than nitrogen. 
(iii) Fluorine never acts as the central atom in 
polyatomic interhalogen compounds. 
(All India) 
(i) The least negative electron gain enthalpy of 
oxygen is due to small size and more 
interelectronic repulsion with coming 
electron. 
The bond strength of P-P is more than N-N, 
therefore phosphorus shows more tendency 
for catenation than nitrogen. 
Because F being smaller, it cannot 
accomodate larger sized other halogen atoms 
around it. Due to the absence of d-orbitals, F 
does not show positive oxidation state of +3, 
+5, +7 needed for the formation of 
polyatomic interhalogen compounds. 


Ans. 


Ans. 


(ii 


wa 


(iii) 





112. How would you account for the following : 
(i) H,S is more acidic than H,O. 


(ii) The N-O bond in NO; is shorter than the 


N-O bond in NO}. 

(iii) Both O, and F, stabilize high oxidation 
states but the ability of oxygen to stabilize 
the higher oxidation state exceeds that of 
fluorine. (All India) 
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Ans. (i) Since the size of sulphur is more than 
oxygen, S-H bond length increases and 
hence bond dissociation energy of S-H is 
less than O-H. Therefore S—H easily loses 
H* and thus is more acidic than H,O. 
Refer to Q. 57 (i), Page 49 
Oxygen stabilizes the highest oxidation state 
even more than fluorine. 
Example : Highest fluoride of Mn is MnF, 
whereas highest oxide is Mn,O,. It is due to 
ability of oxygen to form multiple bonds 
with the metal atoms. 
113. How would you account for the following : 
(i) NF, is an exothermic compound but NCI, is 
not. 
(ii) The acidic strength of compounds increases 
in the order : 
PH, < H,S < HCl. 
(iii) SF, is kinetically inert. 
(i) Refer to Q. 110 (i), Page 56 
(ii) As the electronegativity increases in the same 
period from left to right so their 
electronegativity are in the increasing order, 
P<S<Cl. 
In the same way the acid strength is also in 
the increasing order i.e. PH, < H,S < HCL. 
(iii) Because SF, is showing steric hindrance due 
to 6 (six) fluorine atoms which make it 
unable to react further with any other atom. 


(ii 


(iii 


wena 


(All India) 
Ans. 





114. Give reasons for the following: 
(i) Where R is an alkyl group, R,P = O exists 
but R,N = O does not. 
(ii) PbCl, is more covalent than PbCL.. 
(iii) At room temperature, N, is much less 
reactive. (All India) 
(i) Due to presence of d-orbitals in P, it can 
form pr-dr bonds and can extend its 
covalency beyond 4 while N cannot do so 
due to absence of d-orbitals. 
According to Fajan’s rule, highly charged 
Pb** can polarise the anion i.e., CI more 
effectively than Pb?* and hence PbCl, 
becomes more covalent than PbCl.. 
Due to presence of triple bonds between 2 N 
atoms, their bond length decreases and 
hence bond dissociation energy increases 
which makes N, lesser reactive. While in 
phosphorus due to presence of single bond, 
more bond length, bond dissociation energy 
is low, hence very reactive. 
115. Give reasons for the following : 
(i) Though nitrogen exhibits +5 oxidation 
state, it does not form pentahalide. 
(ii) Electron gain enthalpy with negative sign 
of fluorine is less than that of chlorine. 
(iii) The two oxygen-oxygen bond lengths in 
ozone molecule are identical. (All India) 
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Ans. 


(ii 


wa 


(iii) 
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Ans. (i) Due to absence of empty d-orbitals, N, does not form pentahalide. 

(ii) Because of small size of flourine atom and strong electron-electron repulsions in its compact 2p orbitals. 

(iii) Due to resonance the two oxygen atoms have partial double bond character and thus have same bond 

length i.e. 128 pm 

Ò Ò O 129 
oo =at <— > GA pe == or ASS 
116. (a) Name the gas evolved on heating ammonium nitrate. Write the chemical reaction. 

(b) Write two uses of ammonium nitrate. (Comptt. All India) 
Ans. (a) The gas evolved on heating is Nitrous oxide 


Chemical reaction : NHNO, —*> N,O + 2H,O 
Nitrous oxide 
(b) Uses of NH,NO, 
(i) It is used in fertilizers. (ii) It is used in explosives. 
117. Account for the following : 
(i) NF, is an exothermic compound but NCI, is an endothermic compound. 
(ii) HF is not stored in glass bottles but is kept in wax-coated bottles. 
(iii) Bleaching of flowers by Cl, is permanent while that of SO, is temporary. (Comptt. All India) 
Ans. (i) Refer to Q. 110 (i), Page 56 

(ii) HF is highly corrosive and etches glass hence it is kept in wax-coated bottles. 

(iii) Chlorine bleaches the material by oxidation hence it is permanent while SO, bleaches the material by 
reduction and as the material is exposed to air, it gets oxidised and the colour is restored, hence it is 
temporary. 

118. (a) With the help of chemical equations explain the principle of contact process in brief for the 
manufacture of sulphuric acid by contact process. 

(b) Bismuth is a strong oxidizing agent in the pentavalent state. Explain. (Comptt. All India) 

Ans. (a) Refer to Q. 149 (a), Page 65 
(b) The stability of +5 oxidation state decreases and that of +3 state increases due to inert pair effect down the 
group therefore Bi (V) accepts two electrons and gets reduced to Bi (III). 
Bid+ + 2e- — Bi't 
So, Bi(V) is more stronger oxidising agent. 


wena 





119. (a) Draw the structures of the following molecules : 


(i) XeOF, (ii) H,SO, 
(b) Write the structural difference between white phosphorus and red phosphorus. (Delhi) 
Ans. (a) (i) XeOF, (ii) H,SO, O. 
F o. F HO e H 
Shape : Square pyramidal Shape : Tetrahedral structure 


(b) White phosphorus exists as discrete P, units with SP? hybridized phosphorus atom, arranged 
tetrahedrally but in red phosphorus all P, tetrahedral units are linked with each other to form polymeric 


D ppd 


White phosphorus Red phosphorus 


is 
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120. Account for the following : 

(i) PCI, is more covalent than PCL. 

(ii) Iron on reaction with HCI forms FeCl, and 
not FeCl,. 

(iii) The two O-O bond lengths in the ozone 
molecule are equal. (Delhi) 

(i) In PCl, phosphorus has +5 oxidation state 
and has less tendency to loose electrons than 
in +3 of PCl, Therefore, PCl, has more 
tendency to share e's than PCl,. 

(ii) Because HCl on reaction with iron liberates 
H, gas which prevents the formation of ferric 
chloride. 

(iii) Refer to Q. 115 (iii), Page 56 

121. Account for the following : 

(i) Bi(V) is a stronger oxidizing agent than 
Sb(V). 

(ii) N - N single bond is weaker than P - P 
single bond. 

(iii) Noble gases have very low boiling points. 

(Delhi) 

(i) Bi(V) is a stronger oxidizing agent than Sb(V) 
due to inert pair effect as the stability of 
lower oxidation state (+3) increases down the 
group. 

(ii) Due to smaller size of Nitrogen, their lone 
pairs repel the bond pair of N - N bond 
while P — P due to bigger size does not show 
more repulsion. 

(iii) Due to presence of weak Van der waal forces 
of attraction, noble gases have very low 
boiling point. 

122. Account for the following : 

(i) Sulphur in vapour 
paramagnetic behaviour. 

(ii) SnCl, is more covalent than SnCl.,. 

(iii) H,PO, is a stronger reducing agent than 
H,PO,. (Delhi) 

(i) In vapour state sulphur partly exists as S, 
molecule which has two unpaired electrons 
in the antibonding II orbitals and hence 
exhibits paramagnetism. 

(ii) Sn*4 in SnCl, has more polarising power than 
SnCl, 

(iii) H,PO, contains two P-H bonds while HPO, 
contains only one P-H bond therefore H,PO, 
is stronger reducing agent. 

123. Give reasons for the following : 

(i) (CH,), P = O exists but (CH,), N = O does 
not. 
(ii) Oxygen has less electron gain enthalpy 
with negative sign than sulphur. 
(iii) H,PO, is a stronger reducing agent than 
H,PO,. (All India) 


Ans. 


Ans. 


form exhibits 


Ans 


Ans. 


(i) (CH,),P = 0 exists due to presence of empty 


Q 


d-orbitals and thus can expand its covalency 
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upto 6 but (CH;), N = O cannot expand its 

covalency due to absence of d-orbitals. 

The least negative electron gains enthalpy of 

oxygen is due to small size and more 

interelectronic repulsion with coming 

electron. 

(iii) H,PO, contains two P-H bonds while HPO, 
contains only one P-H bond therefore H,PO, 
is a stronger reducing agent. 


(ii 


< 


124. Give reasons: 

(i) SO, is reducing while TeO, is an oxidizing 
agent. 

(ii) Nitrogen does not form pentahalide. 

(iii) ICI is more reactive than I,. (All India) 

(i) SO, is reducing while TeO, is an oxidising 
agent because sulphur can expand its 
covalency upto +6 from +4 due to presence 
of empty d-orbital but as we move down the 
group the stability of +6 oxidation state 
decreases and of +4 oxidation state increases 
due to inert pair effect. Hence SO, acts as 
reducing agent while TeO, acts as an 
oxidising agent. 

(ii) Due to absence of empty d-orbitals, N, does 
not form pentahalides. 

(iii) Because ICI bond is weaker than I-I bond as 
a result of which ICI breaks easily to form 
halogen atoms which readily bring about the 
reaction, hence more reactive. 


Ans. 








125. Give reasons: 

(i) Thermal stability decreases from H,O to 
H,Te. 

(ii) Fluoride ion has higher 
enthalpy than chloride ion. 

(iii) Nitrogen does not form pentahalide. 
(Delhi) 

(i) Thermal stability decreases from H,O to 
H,Te due to weakening of bond between 
hydrogen and the atom from O to T, as size 
is increasing down the group. 

(ii) Fluoride ion has higher hydration enthalpy 
than chloride ion due to stronger 
attractions of smaller in size fluoride ion. 

(iii) Nitrogen does not contain ‘d’ orbitals. 

126. Give reasons for the following: 

(a) Red phosphorus is less reactive than 
white phosphorus. 

(b) Electron gain enthalpies of halogens are 
largely negative. 

(c) N,O, is more acidic than N,O,.(AII India) 

(a) Red phosphorus is less reactive than white 
phosphorus because white phosphorus 
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hydration 


possess angle strain where long angles are 
only 60° making it more reactive. Also, red 
phosphorus being polymeric is less reactive 
than white phosphorus which has discrete 
tetrahedral structure. 


(b 


wm 


Electron gain enthalpies of halogens are 
largely negative due to high effective 
nuclear charge and smaller size among 
period. They readily accept an electron to 
attain noble gas configuration. 

(c) NO; is more acidic than N,O, because 
higher the oxidation state, higher will be 
acidic character. N,O; has +5 oxidation 
state and NO, has +3 oxidation state. 


127. (a 


<~ 


Arrange the hydrides of group 16 in 
increasing order of their acidic character. 
Justify your answer. 


(b) Draw structure of XeOF,. (Comptt. Delhi) 
(a) H,O < H,S < H,Se < H,Te 


As we move down the group the bond 


Ans. 


dissociation enthalpy decreases due to 
increase in bond length and size of the 


central atom. 
(b) Refer to Q. 119 (a), Page 57 
128. (a) Account for the the following : 
(i) PCl, is more covalent than PCL. 


(ii) Iron on reaction with HCI forms FeCl, 
and not FeCl,. 
(b) Draw structure of XeO,. 
(a) Refer to Q. 120, Page 58 
(b) Refer to Q. 168 (a), Page 71 


Long Answer Type Questions (LA) 
(5 Marks) 


(Comptt. Delhi) 
Ans. 





129. (a) Draw the structures of the following : 

(i) H,S,O, (ii) HCI1O, 
(b) How would you account for the following : 

(i) NH, is a stronger base than PH,. 

(ii) Sulphur has a greater tendency for 

catenation than oxygen. 
(iii) F, is a stronger oxidising agent than Cl.,. 
(All India) 
(a) (i) H,S,O, (Peroxodisulphuric acid) 
or Marshall’s acid : 


Ans. 


Q 
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j O 
L i a 
ee | O—O x. o 
OH HO 
(ii) HC10, (Perchloric acid) : 


ot 


| 
oF] So 


O 


(b) (i) Refer to Q. 107 (i), Page 55 
(ii) Refer to Q. 107 (ii), Page 55 
(iii) Due to low bond dissociation enthalpy 
and high electronegativity of Fluorine, it 
has strong tendency to accept electrons 
and thus get reduced. 


F+e—>F 
Therefore F, acts as strong oxidising 
agent, while Cl, is weak oxidising agent 
due to low electronegativity. 
130. (a) Draw the structures of the following : 
(i) H,S,0, (ii) HCIO, 
(b) Explain the following observations : 
(i) In the structure of HNO,, the N-O 
bond (121 pm) is shorter than the N- 
OH bond (140 pm). 
(ii) All the P—Cl bonds in PCI, are not 
equivalent. 
(iii) ICI is more reactive than I,. 
(All India) 
(a) (i) H,S,O, (Pyrosulphuric acid) or oleum : 
O O 


Ans. 


S S 
6 Pe p So 


OH OH 


(oleum) 


(ii) HC1O, (Chloric acid) : 
oo" 


| 
ol 
O f® 


(b) (i) The N-O bond has partial double bond 
character while the N-OH bond is a 
single bond in both resonance of HNO.. 
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(ii) All the P—Cl bonds in PCl, are not 
equivalent due to the fact that the axial 
bond pairs suffer more repulsion as 
compared to equatorial bond pairs. 

(iii) Because IC] bond is weaker than I-I 
bond as a result of which ICI breaks 
easily to form halogen atoms which 
readily bring about the reaction, hence 
more reactive. 

131. (a) Draw the structures of the following : 


(i) H,PO, (ii) BrF, 
(b) How would you account for the following 
observations : 


(i) Phosphorus has a greater tendency for 
catenation than nitrogen. 

(ii) Bond dissociation energy of fluorine is 
less than that of chlorine. 

(iii) No chemical compound of helium is 


known. (All India) 
Ans. (a) (i) H,PO, (Hypophosphorous acid) 

i 
R 

H< | “oH 
H 

(ii) BrF, (SP°d hybridization) 
F 


Qh 
g~ 


Shape : Bent T-shape 
(b) (i) The bond strength of P-P is more than 


N-N, therefore phosphorous shows 
more tendency for catenation than 
nitrogen. 


(ii) Refer to Q. 107 (iii), Page 55 
(iii) Because the ionization energy of Helium 
is very high and the empty d-orbitals are 
also absent in it. 
132. (a) Draw the structures of the following : 
(i) N,O, (ii) XeOF, 
(b) Explain the following observations : 

(i) The electron gain enthalpy of sulphur 
atom has a greater negative value than 
that of oxygen atom. 

(ii) Nitrogen does not form pentahalides. 

(iii) In aqueous solutions HI is a stronger 
acid than HCl. (All India) 


Ans. (a) (i) N,O, 
Ò; 

Y oN 8 

a NSS 


Q 


Planar 
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(ii) XeOF, 


F A F 
Shape : Square pyramidal 
(b) (i) Because enthalpy of dissociation of 
S-S bond is higher than O-O bond and 
the hydration energy of S% is less than 
that of O% ion. 

(ii) Due to absence of empty d-orbitals, N, 
does not form pentahalides. 

(iii) Due to lower bond dissociation energy 
and higher degree of ionization, HI acts 
as stronger acid than HCI in aqueous 
solution. 

133. (a) Draw the structures of the following : 

(i) XeF, (ii) H,S,O, 

(b) Explain the following observations : 

(i) Phosphorus has a greater tendency for 
catenation than nitrogen. 

(ii) The negative value of electron gain 
enthalpy is less for fluorine than that 
for chlorine. 

(iii) Hydrogen fluoride has a much higher 
boiling point than hydrogen chloride. 

(All India) 


Ans. (a) (i) XeF,: 


Shape : Square planar 
(ii) H,S,0, : 
O O 


oF S07 


OH OH. 

(b) (i) The bond strength of P-P is more than 
N-N, therefore phosphorous shows 
more tendency for catenation than 
nitrogen. 

(ii) Because of small size of flourine atom 
and strong electron-electron repulsions 
in its compact 2p orbitals. 

(iii) Hydrogen fluoride (HF) has higher 
boiling point than HCI due to extensive 
intermolecular hydrogen bonding while 
HCI doesn’t show this H-bonding. 
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134. (a) Draw the structures of the following : 
(i) PCI, (s) (ii) SOF 
(b) Explain the following observations : 
(i) Ammonia has a higher boiling point 
than phosphine. 
(ii) Helium does not form any chemical 
compound. 
(iii) Bi (V) is a stronger oxidising agent than 
Sb (V). (All India) 
(a) (i) PCI, (s) 
Cl Cl 
AP g 
Cl: 


Ans. 


(ii) SO% 
O 
| 


oo 


(Sulphite) ion : 
Shape : Pyramidal 
Angle : The angle O-S-0O is greater than 90° 
(b) (i) Due to intermolecular H-bonding in NH, 
it has higher boiling point than PH, 
which does not have any H-bonding. 
(ii) Because the ionization energy of Helium 
is very high and very high positive 
electrons gain enthalpy. 
(iii) Refer to Q. 1, Page 46 





135. (a) Complete the following chemical equations : 


(i) NaOH (aq) + Cl, (g) ——> 
(Hot and conc.) 


(ii) XeF, (s) + H,O() ——~> 
(b) How would you account for the following? 
(i) The value of electron gain enthalpy 
with negative sign for sulphur is higher 
than that for oxygen. 
(ii) NF, is an exothermic compound but 
NCI, is endothermic compound. 
(iii) CIF, molecule has a T-shaped structure 
and not a trigonal planar one. (Delhi) 
(a) (i) 6NaOH + 3Cl, > 5NaCl + 1NaClO, + 3H,O 


(ii) XeF, (s) +3H,O (1) —> XeO, (s) + 6HF (aq) 
(b) (i) Because of enthalpy of dissociation of S— 
S bond is higher than O-O bond and 
the hydration energy of S* is less than 
that of O% ion. 
(ii) Due to smaller size of F as compared to 
Cl, the N—F bond is much stronger than 
N-Cl bond while bond dissociation 


Ans. 
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energy of F, is much lower than that of 
Cl,. Therefore, energy released during 
the formation of NF, molecule is more 
than the energy needed to break N, and 
F, molecules into individual atoms. In 
other words, formation of NF, is an 
exothermic reaction. 

The energy released during the 
formation of NCI, molecule is less than 
the energy needed to break N, and Cl, 
molecule into individual atoms. Thus 
formation of NCI, is an endothermic 
reaction. 

(iii) The electronic configuration of Cl is 

1s? 2s? 2p® 3s*3P73P/3P2. It has only one 
half filled orbital. But to form three Cl—F 
bonds, we need three half filled orbitals. 
To achieve this, one of the 3P? electrons 
gets excited to 3d orbital. The resulting 
five orbitals of the third shell of Cl in the 
first excited state undergoes SP°d 
hybridization to give T-shaped structure 
to CIF, molecule. Since Cl does not 
undergo SP? hybridization, therefore 
CIF, does not have trigonal planar 


structure. 
3s 3p 3d 


‘ib ib} 1b | 4 
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spd hybridization 
136. (a) Complete the following chemical reaction 
equations : 


(i) P, + SO,Cl, ——> 


(ii) XeF, + H,O ——> 
(b) Explain the following observations giving 
appropriate reasons : 

(i) The stability of +5 oxidation state 
decreases down the group in group 15 
of the periodic table. 

(ii) Solid phosphorus pentachloride 
behaves as an ionic compound. 

(iii) Halogens are strong oxidizing agents. 


(Delhi) 
Ans. (a) (i) Py+ 10S0,Cl, ——> 
Sulphuryl] chloride 
4PCl, + 10SO, 
Phosphorus Pentachloride 


(ii) 6XeF, + 12H,O ——> 
4Xe + 2XeO, + 24HF + 30, 
(b) (i) Group 15 first elements are pentavalent, 
therefore they can show positive 
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oxidation state +3 (due to P-electron) and 
+5 (due to P and S electrons). In a group 
the +5 oxidation state stability decreases 
but +3 oxidation state increases due to 
inter pair effect which results the 5- 
orbitals electrons to participate in 
bonding hence shows +3 oxidation state 
as their stable oxidation state. 

PCl, conducts electricity in the molten 
state. This means that in solid state it 
exists as [PCl,]* [PCl in which the 
cation is tetrahedral and the anion is 
octahedral. 


2PCl, —> [PCL] [PCI] 
On melting, these ions become free to 
move and hence PCl, conducts electricity 
in the molten state. 

(iii) As halogens are strong elctron acceptors 
and change to negative ions and thus 
undergo reduction, so they are strong 
oxidising agent. 


(ii) 


137. (a) Explain the following : 
(i) NF, is an exothermic 
whereas NCI, is not. 
(ii) F, is most reactive of all the four 
common halogens. 


(b) Complete the following chemical equations : 


compound 


(i) C + H,SO, (conc) ——> 
(ii) P, + NaOH + H,O ——> 


(iii)Cl, + F, 
(excess) 


— 
(Delhi) 


Ans. (a) (i) Refer to Q. 110 (i), Page 56 
(ii) Because of the low bond dissociation 
energy F, readily dissociates into atoms 
and reacts with other substances readily. 

(b) (i) C+2H,SO, (conc.) ——> 

CO, + 2SO, + 2H,O 

(ii) P, + 3NaOH + 3H,O ——> 
PH, + 3NaH,PO, 

(iii) Cl + 3F, ——> 2CIF, 

(excess) 
138. (a) Account for the following : 


(i) The acidic strength decreases in the 
order HCI > H,S > PH, 

(ii) Tendency to form _ pentahalides 
decreases down the group in group 15 
of the periodic table. 

(b) Complete the following chemical equations : 


(i) P, + SO,Cl, ——> 





(ii) XeF, + H,O ——> 
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(iii) 1, + HNO, ——> 

(conc) (Delhi) 
(a) (i) Because of decrease in electronegativity 
from chlorine to phosphorous, the bond 
dissociation enthalpy from HCl to H-P 
increases and their tendency to release 
H* decreases and thus acidic strength 
decreases. 
Down the group, the tendency of next ‘s’ 
orbital’s electron to jump to previous ‘d’ 
orbital decreases very much due to inert 
pair effect. 


(b) (i) P, + 10S0,Cl, ——> 


4PCl, 


Phosphorus 
pentachloride 


(ii) XeF, + 2H,O ———> 2Xe + 4HF + O, 
(iit) L + 1OHNO, ———> 


(conc) 


Ans. 


(ii) 


+ 10SO, 


2HIO, + 10NO, + 4H,O 
Iodine to Iodic acid 
(a) Draw the structures of the following 
molecules : 
(i) (HPO,), (ii) BrF, 
(b) Complete the following chemical equations : 
(i) HgCl, + PH, > (ii) SO, + H,SO, > 
(iii) XeF, + H,O > (All India) 
(a) (i) (HPO,), : 


O 
On a ae 
Ho-P OH 


139. 


Ans. 








O O 
are 
ofS 
OH 


Cyclo Meta-Phosphoric acid 
Shape : ring structure 


(ii) BrF, : F 
“A ie 
Ø F 
F 
Shape : T-shape 


Œ) (i) 3HgCl, + 2PH} ——> Hg,P, + 6HCl 
(ii) SO; + H,SO, ——> H;S,O, 
Sulphur trioxide Oleum 
(iii) 6XeF, + 12H,0 ——> 
4Xe + 2XeO, + 24HF + 30, 


WW.JEEBOOKS.IN 


140. (a) What happens when 

(i) chlorine gas is passed through a hot 
concentrated solution of NaOH? 

(ii) sulphur dioxide gas is passed through 
an aqueous solution of a Fe (III) salt? 

(b) Answer the following : 

(i) What is the basicity of H,PO, and why? 

(ii) Why does fluorine not play the role of a 
central atom in interhalogen 
compounds? 

(iii) Why do noble gases have very low 
boiling points? (All India) 


(i) 3CL, + 6NaOH —Het_, 
5NaCl + NaClO, + 3H,O 
(ii) SO, + Fe,(SO,), + 2H,O ——> 
2FeSO, + 2H,SO, 


Ans. (a) 


(b) (i) Basicity of HPO, = 2 

Because basicity is the number of 
replaceable H* ions in an acid and H,PO, 
is a Dibasic acid. 

(ii) Refer to Q. 111 (iii), Page 56 

(iii) Because the atoms of these elements are 
held together by weak van der Waal’s 
forces of attraction. 





141. (a) Complete the following chemical reaction 
equations : 
(i) P, + SO,Cl, > 
(ii) XeF, + H,O > 
(b) Predict the shape and the asked angle (90° or 
more or less) in each of the following cases : 
(i) SO3- and the angle O-S-O 
(ii) CIF, and the angle F - Cl - F 
(iii) XeF, and the angle F - Xe - F 
(i) P, + 10SO,Cl, > 4PC1, + 10SO, 
or P, + 8SO,Cl, > 4PCl, + 4SO, + 25,Cl, 
(ii) XeF, + H,O > XeOF, + 2HF 
or XeF, + 2H,O — XeO,F, + 4HF 
or XeF, + 3H,O > XeO, + 6HF 


(b) (i) SOX: 


(Delhi) 
Ans. (a) 


O 


oo 


(Sulphite) ion : 
Shape : Pyramidal 
Angle : The angle O-S-—O is greater than 90° 
(ii) CIF, : 


F 
Shape : Bent T-shaped 
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Angle : The angle F-CI-F is lesser than 90° 
(iii) XeF, : Structure : 
srd 
F 


| 
eee 
a 


Shape : Linear 


Angle : F-Xe — F > 90° 
142. (a) Complete the following chemical equations : 
(i) NaOH +C, > 


(hot and conc.) 
(ii) XeF, + O,F, > 
(b) Draw the structures of the following 
molecules : 
(i) H,PO, (ii) H,S,O, (iii) XeOF, 
(Delhi) 
Ans. (a) (i) 3Cl,* 6NaOH > 
5 NaCl + NaClO, + 3H,O 
(ii) XeF, + O,F, > XeF, + O, 
(b) (i) H,PO, : Refer to Q. 131 (a) (i), Page 60 
(ii) H,S,O,: Refer to Q. 130 (a) (i), Page 59 
(iii) XeOF,: Refer to Q. 132 (a) (ii), Page 60 
143. (a) Draw the molecular structure of following 
compounds : 
(i) XeF, (ii) H,S,O, 
(b) Explain the following observations : 
(i) The molecules NH, and NF, have 


dipole moments which are of opposite 


direction. 
(ii) All the bonds in PCI, molecule are not 
equivalent. 
(iii) Sulphur in vapour state exhibits 
paramagnetism. (Delhi) 
Ans. (a) (i) XeF,: 
(ii) H,S,O, : 
n O 
OH HO 


(b) (i) Because F is more electronegative than N 
in NF, whereas N is more 
electronegative than H in NH}. 
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(ii) Because PCl, has a trigonal bipyramidal 
structure in which the three equatorial 
P-Cl bonds are equivalent while the two 
axial bonds are longer than equatorial 
bonds. 

(iii) Because sulphur in vapour state has two 
unpaired electrons in the antibonding n* 
orbitals like O.. 

144. (a) Complete the following chemical equations 

(i) XeF, + SbF, > 
(ii) Cl, + F, (excess) > 
(b) Explain each of the following : 
(i) Nitrogen is much less reactive than 
phosphorus. 

(ii) The stability of +5 oxidation state 
decreases down group 15. 

(iii) The bond angles (O -N - O) are not of 
the same value in NO% and NO}. 

(Delhi) 

Ans. (a) (i) XeF, + SbF; > [XeF,]* [SbF,]- 

(ii) Cl, + 3F, (excess) > 2CIF, 

(b) (i) Due to presence of triple bond between 
two nitrogen atoms/high bond 
dissociation enthalpy of nitrogen, 
whereas in phosphorus molecule there is 
single bond between four atoms of 
phosphorus so have low bond 
dissociation enthalpy. 

(ii) Because the participation of outer s- 
electron pair goes on decreasing down 
the group due to inert pair effect. 

(iii) Because NO, has sp? hybridisation 
whereas NO3 has sp hybridisation. 

145. (a) Draw the molecular structures of the 

following compounds : 

(i) N,O, (ii) XeOF, 

(b) Explain the following observations : 

(i) Sulphur has a greater tendency for 
catenation than oxygen. 

(ii) IC] is more reactive than I,. 

(iii) Despite lower value of its electron gain 
enthalpy with negative sign, fluorine 
(F,) is a stronger oxidising agent than 
Cl,. (All India) 

(a) Refer to Q. 132 (a), Page 60 

(b) (i) It is because S—S bond is stronger than 
O-O bonds as there is more 
interelectronic repulsion in O -O due to 
small size than in S-S. 

(ii) ICl is more reactive than I, because I-Cl 
bond is polar and weaker while I-I 
bond is stronger and non-polar. 

(iii) It is due to (a) low enthalpy of 
dissociation of F-F bond, (b) high 
hydration enthalpy of F. 


Ans. 
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146. (a) Complete the following chemical equations : 
(i) Cu + HNO, (dilute) > 
(ii) XeF, + O,F, > 
(b) Explain the following observations : 
(i) Phosphorus has greater tendency for 
catenation than nitrogen. 
(ii) Oxygen is a gas but sulphur a solid. 
(iii) The halogens are coloured. Why? 
(All India) 
Ans. (a) (i) 3Cu + 8HNO, (dil) > 
3Cu(NO;), + 2NO + 4H,O 

(ii) XeF, + O,F, > XeF, + O, 

(b) (i) The self linking property or catenation 
property of nitrogen is less than that of 
phosphorus because N-N bond is 
weaker than P -P bond. 

(ii) Oxygen forms a stable diatomic 
molecule. In O, molecule two atoms of 
oxygen have joined together through 
double bond O=O0O. The multiple 
bonding is possible due to small size of 
oxygen atoms. So oxygen is a gas. S has 
eight atoms arranged in the form of a 
puckered ring per molecule in which two 
sulphur atoms are joined by covalent 
bonds. So sulphur is a solid at room 
temperature. 

(iii) All halogens are coloured. This is due to 
absorption of radiation in visible region 
which results in the excitation of outer 
electrons to higher energy level. So they 
display different colours. 

147. (a) Draw the structures of the following 

molecules : 

(i) H,PO, (ii) CIF, 

(b) Explain the following observations : 

(i) Nitrogen is much less reactive than 
phosphorus. 

(ii) Despite having greater polarity, 
hydrogen fluoride boils at a lower 
temperature than water. 

(iii) Sulphur has greater tendency for 
catenation than oxygen in the same 
group. (All India) 

(a) (i) H,PO, : Refer to Q. 131 (a) (i), Page 60 

(ii) CIF, : 


Ans. 


SP°d hybridization 
Shape : T-shape 
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(b) (i) Because P-P bond is weaker than N = N 
bond, N, is inert due to the presence of 
triple bond. 

(ii) In water O is larger than F therefore Van- 
der-Waals forces of attraction increase 
with increase in size and hence the 
boiling point increases. 

(iii) It is because S -S bond is stronger than 
O-O bond as there is more 
interelectronic repulsion in O -O than in 


5-8, 
148. (a) Draw the structures of the following 
molecules : 
(i) N,O; (ii) HCI1O, 


(b) Explain the following observations : 
(i) H,S is more acidic than H,O. 

(ii) Fluorine does not exhibit any positive 
oxidation state. 

(iii) Helium forms no real chemical 
compound. (All India) 

(a) (i) N,O; : Refer to Q. 132 (a) (i), Page 60 

(ii) HCIO, : Refer to Q. 129 (a) (ii), Page 59 

(b) (i) HS is more acidic than H,O because 

bond dissociation enthalpy of H - S bond 
in H,S is less than that of H—O bond in 
HO. 

(ii) Fis the most electronegative element. It has 
no d-orbitals and therefore, there is no scope 
for any electron promotion. So it can only 
show oxidation state of — 1 in its compounds. 

(iii) Helium has very high ionisation 
enthalpy and no vacant d-orbitals, 
therefore no chemical compound of 
helium is known. 

149. (a) Describe the conditions and the steps 
involved in the manufacture of sulphuric 
acid by contact process. Write the necessary 
reactions. (No diagram is required) 

(b) Give reasons : 
(i) Bond dissociation energy of F, is less 
than that of Cl,. 

(ii) Nitric oxide becomes brown when 

released in air. (Comptt. Delhi) 

Contact Process : Burning sulphur in an 

excess of air 

S + O, > SO, (g) 

or, By heating sulphide ores like pyrites in an 

excess of air : 

4FeS, + 110, — 2Fe,O, + 8S0, 

In either case, an excess of air is used so that 
the SO, produced is already mixed with 
oxygen for the next stage. This is reversible 
reaction and the formation of SO, is 
exothermic in the presence of catalyst V,O; at 
720K. 


Ans. 


Ans. (a) 
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250, + O, === 250; AH = -196 KJ/mol 
This cannot be done by simply adding water 
to the SO. The reaction is so uncontrollable 
that it creates a fog of H,SO,. Instead, the SO; 
is first dissolved in conc. H,SO,. 

H,SO, + SO, > H,S,O, 
The product is known as fuming sulphuric 
acid or oleum to which water is added to get 
H,SO, 

H,S,0, + H,O > 2H,SO, 

(b) (i) Bond dissociation energy of F, is less 
than that of Cl, because of large electron- 
electron repulsion among the lone pair in 
F, molecule. 

(ii) Nitric oxide becomes brown when 
released in air because of the formation of 
NO, gas. 

150. Account for the following : 

(a) Thermal stability of water is much higher 
than that of H,S. 

(b) White phosphorus is more reactive than red 
phosphorus. 

(c) Ammonia acts as a ligand. 

(d) Bismuth is a strong oxidizing agent in 
pentavalent state. 

(e) Concentrated sulphuric acid is a strong 
dehydrating agent. (Comptt. Delhi) 

(a) The thermal stablility of hydrides decrease 
from H,O to H,S because as the size of the 
atom increases, the bond becomes weaker 
and thus breaks on heating. 

(b) Red phosphorus is regarded as a polymer 
consisting of chains of P, tetrahedral linked 
together. This makes phosphorus denser and 
less reactive 

ain AIN 

—r | p—P | P— 

NPA Np 
But in white phosphorus (P,), the four 
phosphorus atoms lie at the corners of a 
regular tetrahedron. Each phosphorus atom 
is linked to each of the other three atoms by 
covalent bond. The bond angle is equal to 60° 
which suggests that the molecule is under 
strain and hence active in nature. 


Ans. 


(c) Due to the presence of a lone pair of electrons 
on nitrogen atom, it has a tendency to donate 
an electron pair, hence acts as a ligand. 

(d) In Bismuth, the inert pair effect is very 
prominent. Thus +5 oxidation state is less 
stable in comparison to +3 oxidation state i.e 
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it readily accepts two electrons in 
pentavalent state and gets reduced to 
trivalent state. Therefore, it acts as a strong 
oxidising agent. 
(e) Conc. H,SO, has great affinity for water 
molecule i.e it acts as a dehydrating agent. 
151. Account for the following : 
(i) Chlorine water loses its yellow colour on 
standing. 
(ii) BrCl, is more stable than BrCl,. 
(iii) Fluorine does not form oxoacids. 
(iv) PCl, acts as an oxidising agent. 
(v) SO, is an air pollutant. 
(Comptt. All India) 
(i) Cl, water on standing loses its yellow colour 
due to the formation of HCl and HOCI. 
HOCI! is unstable and decomposes to HCl. As 
a result, yellow colour disappears. 
Cl, + H,O — HCl + HOCI 
2HOCl — 2HCl + O, 
(colourless) 
In BrCl,, Br can accommodate three chlorine 
atoms around it and hence it is stable but in 
BrCl, , five Cl atoms cannot be accommodated 
around Br and hence it is unstable. 
Due to high electonegativity and small size F 
does not form oxoacids. 

(iv) In PCl, the oxidation state of phosphorus is 
+5. Thus, it cannot increase its oxidation state 
beyond +5. So PCl, cannot act as a reducing 
agent. However, it can decrease its oxidation 
state from +5 to +3 or to some lower value. 
Thus, it acts as an oxidising agent. 

(v) SO, is a pungent and irritating gas. It acts as 
an air pollutant due to the following reasons: 

e It causes throat and eye irritation as it is 
absorbed readily by respiratory tract. 
e It combines with moisture forming 
sulphurous acid. It is then converted into 
H,SO,. Both these acids cause acid rain 
and destroy the marble, corrode metals, 
deteriorate fabrics, paper, leather etc. 
152. (a) With the help of chemical equations explain 
the principle of contact process in brief for 
the manufacture of sulphuric acid. 
(No diagram) 
(b) Account for the following : 
(i) Bond dissociation energy of F, is less 
than that of Cl, 
(ii) Nitric oxide (NO) becomes brown when 
released in air. (Comptt. All India) 


Ans. 


(ii 


wa 


(iii 


wa 


Ans. 


(a) Principle of contact process : The process 


Q 


involves the oxidation of sulphur dioxide by 
air in the presence of a catalyst. 


catalyst 


— 
Mae a, 


250, + O, 250; 
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Sulphur trioxide is dissolved in 98% H,SO, 
acid and oleum is formed 

H,SO, + SO, > H,5,0, (oleum) 
Oleum is diluted with water to form 
sulphuric acid 

H,S,0, + H,O > 2H,SO, 

(b) (i) The low bond dissociation energy of F is 
due to high inter electronic repulsions 
between non-bonding electrons in 2p- 
orbitals as the size of F atoms is small. As 
a result, F-F bond is weaker than Cl-C1 
bond. 

(ii) It readily combines with O, to form 
brown fumes of NO,. 
2NO + O, > 2NO, (brown fumes) 








153. (a) Give reasons for the following: 
(i) Bond enthalpy of F, is lower than that 
of Cl. 
(ii) PH, has lower boiling point than NH,. 
(b) Draw the structures of the following 
molecules: 

(i) CIF, (ii) (HPO,), (iii) XeF, (Delhi) 

(i) Due to smaller size of F than Cl as a result 
of which electron-electron repulsions 
between the lone pairs of electrons are 
very large than that of Cl, hence bond 
dissociation enthalpy of F, is less than that 
of Cl,. 

(ii) PH, has lower boiling point than NH, 
because PH, cannot form hydrogen bonds 
like NH,. 

(b) (i) BrF, : Refer to Q. 131 (a) (ii), Page 60 
(ii) (HPO,), : Cyclotrimetaphosphoric acid 


Ans. (a) 


(iii) XeF,: Refer to Q. 133 (a) (i), Page 60 
154. (a) Account for the following: 
(i) Helium is used in diving apparatus. 
(ii) Fluorine does not exhibit positive 
oxidation state. 
(iii) Oxygen shows catenation behaviour 
less than sulphur. 
(b) Draw the structures of the following 
molecules: 


(i) XeF, (ii) H,S,0, 
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(Delhi) 


Ans. (a) (i) Helium is used in diving apparatus 
because of its very low solubility in 
blood and therefore an oxygen-helium 
mixture is used for artificial respiration. 

(ii) Because it is most electronegative 
element and does not have d-orbitals 
for octet expansion, therefore it shows 
only a negative oxidation state of —1. 

(iii) Refer to Q. 107 (ii), Page 55 

(b) (i) XeF, : Refer to Q. 68 (ii), Page 51 
(ii) H,S,O,: Refer to Q. 130 (a) (i), Page 59 

155. Give reasons for the following : 

(i) Oxygen is a gas but sulphur is a solid. 

(ii) O, acts as a powerful oxidising agent. 

(iii) BiH, is the strongest reducing agent 
amongst all the hydrides of Group 15 
elements. (All India) 
Due to small size and high electronegativity, 
oxygen forms pz-px multiple bonds and 
thus forms diatomic. O, molecule are held 
together by weak van der Waals forces of 
attraction which can be easily overcome by 
collisions at room temperature. Therefore O, 
is gas at room temperature. On the other 
hand due to higher tendency for catenation 
and lower tendency for pn-pn multiple 
bonds, intra-atomic S, has strong forces of 
attraction which cannot be overcome by 
collisions. Therefore S is solid at room 
temperature. 

O, is a powerful oxidising agent due to its 

high energy content than oxygen and hence 

decomposes to give diatomic oxygen and 
atomic oxygen 


Ans. (i 


wa 


(ii 


wa 


O; (g) —> 0, (g) + Og) 
Ozone Dioxygen Atomic oxygen 
(iii) AS we move down the group, the E—H 
bond length increases and their strength 
decreases. Bi—H bond is the weakest. It can 
break easily and evolves Ha, gas which acts 
as the reducing agent. 
156. (a) Write the balanced chemical equations for 
obtaining XeO, and XeOF, from XeF,. 
(b) Account for the following : 
(i) H,S is less acidic than H,Te. 
(ii) H,PO, has reducing nature. 
(iii) SO, is an air pollutant. 
(Comptt. Delhi) 
XeF, + 3H,O — XeO, + 6HF 
XeF, + H,O — XeOF, + 2HF 
(b) (i) In the group with increase in size of the 
element and increased bond distance, the 
bond dissociation energy decreases, 


Ans. (a) 
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therefore H-S bond dissociation energy is 

higher than H-Te and hence H-S bond 

breaks less easily than H-Te bond and 

H,S is a weaker acid than H,Te. 

(ii) Because it contains two P-H bonds and 
thus reduces AgNO, to metallic silver 
4AgNO, + HPO, + 2H,O — 
4Agl + H,PO, + 4HNO, 
(iii) SO, is a pungent and irritating gas. It 
acts as an air pollutant due to the 
following reasons: 

e It causes throat and eye irritation as it 
is absorbed readily by respiratory 
tract. 

e It combines with moisture forming 
sulphurous acid. It is then converted 
into H,SO,. Both these acids cause 
acid rain and destroy the marble, 
corrode metals, deteriorate fabrics, 
paper, leather etc. 

157. Account for the following : 
(a) Phosphorus shows high tendency for 
catenation. 
(b) F, is more reactive than CIF, but CIF, is 
more reactive than Cl.,. 
(c) Nitrogen is found in gaseous state. 
(d) Decomposition of ozone molecule is a 
spontaneous process. 
(e) SF, is inert towards hydrolysis. 
(Comptt. Delhi) 
(a) The bond strength of P-P is more tan N-N, 
therefore, phosphorous shows more 
tendency for catenation than nitrogen. 
Because the bond between CI-F is weaker 
than the bond between Cl-Cl due to less 
effective overlapping of orbitals of CI-F than 
Cl-Cl. 
The F, is most reactive due to its high 
electrode potential. 
(c) Due to small size and high electronegativity 
nitrogen forms pr-prn multiple bonds, which 
are held together by weak Van-der Waal’s 
forces of attraction which can be easily 
broken. Hence N, exists as a gas at room 
temperature. 
Because O, is thermodynamically unstable 
and its decomposition results in liberation of 
heat (AH is —-ve) and increase in entropy (AS 
is +ve) so AG becomes -ve and process 
becomes spontaneous. 
In SF,, S is protected by 6F atoms and does 
not allow H,O molecules to attach on it. So 
SF, inerts towards hydrolysis. 


Ans. 


(b 


wm 


(d 


wa 


= 
Q 
~ 


WW.JEEBOOKS.IN 


68 Shiv Das Chapterwise Question Bank (Chemistry XII) 





158. (a) Complete the 
equations: 

(i) P, + NaOH + H,O > 

(ii) XeF, + O,F, > 

(b) How would you account for the following 
situations? 

(i) The acidic strength of these 
compounds increases in the following 
order : 

PH, > H,S > HCl 
(ii) The oxidising power of oxoacids of 
chlorine follows the order : 
HCIO, > HCIO, > HCIO, > HClO 
(iii) In vapour state sulphur exhibits 
paramagnetic behaviour. 
(Comptt. Delhi) 


following chemical 


Ans. (a) (i) P,(s) + 3NaOH (aq) + 3H,O (1) ——~> 
PH; (g) +  3NaH,PO, (s) 
Phosphine Sodium hypophosphite 


(ii) XeF, + O,F, — 5 > XeF, + O, 


(b) (i) As the electronegativity increases in the 
same period from left to right so their 
electronegativity are in the increasing 
order, P < S < Cl. 

In the same way the acid strength is also 
in the increasing order 
ie. PH; < H,S < HCL 

(ii) HCIO, > HCIO, > HClO, > HCIO 
o.s. = +4 +3 +2 +1 
Acidic strength of oxoacids of the same 
halogen increases with increase in 
oxidation number of the halogen because 
of the relative stability of the anions left 
after removal of proton. Thus as the 
number of oxygen atoms in the anion 
increases, the dispersal of the negative 
charge through pr-pr back bonding also 
increases and hence stability and acidic 
strength increases. 

(iii) In vapour state sulphur partly exists as 
S, molecule which has two unpaired 
electrons in the antibonding 1 orbitals 
and hence exhibits paramagnetism. 

159. (a) Using VSEPR theory predict the probable 
structures of the following : 

(i) N,O, (ii) BrF, 

(b) Arrange the following groups of substances 
in the order of the property indicated 
against each group : 

(i) NH, PH, AsH, SbH, - increasing 
order of boiling points. 
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160. 


Ans. 


(ii) O, S, Se, Te —- increasing order of 
electron gain enthalpy with negative 
sign. 

(iii) F,, Cl,, Br,, I, — increasing order of 
bond dissociation enthalpy. 

(Comptt. Delhi) 


(a) (i) N,O, jN-N 


Planar structure 


Z 
N 
(ii) BrF;: 

F 


A 
H F 
a 
(b) (i) PH, < AsH, < NH, < SbH, 
(i) O < Te < Se <S 

(iii) The increasing order of 
dissociation enthalpy is : 
Cl, > Br, > F, > I, 

(a) Write the formula and describe the 
structure of a noble gas species which is 
isostructural with 

(i) IBr,- (ii) BrO, 

(b) Assign reasons for the following : 

(i) SF, is kinetically inert. 

(ii) NF, is an exothermic 
whereas NCI, is not. 

(iii) HCI is a stronger acid than HF though 
flourine is more electronegative than 
chlorine. (Comptt. All India) 

(a) (i) IBr, : It has 2 bond 

pairs and 3 lone pairs. 
Therefore according to 
VSEPR theory it should 
have Linear structure. 
IBr, has (7 + 2 x 7 + 1) 
i.e. 22 valence electrons. 
No noble gas has 22 
electrons 
z- The isoelectronic species for IBr,- is XeF, 
(ii) BrO; : It has 3 bond 


bond 


compound 





Br 











Br 
pairs and 1 lone pair 
of electrons. Therefore C) 
according to VSEPR 
theory it has pyramidal EA 
structure. | | ‘on 
It has 26 valence O 
electrons i.e. (7+3X6+ Pyramidal shape 
1 = 26). 
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A noble gas having 26 
valence electrons is 
XeO, (8 + 3 x 6 = 26). 
Thus XeO, also has 
pyramidal structure. 

(b) (i) Because SF, is showing steric hindrance 
due to 6 (six) fluorine atoms which make 
it unable to react further with any other 
atom. 

(ii) Refer to Q. 135 (b) (ii), Page 61 

(iii) Because HCl has large size and less 
bond strength than HF which makes 
easier liberation of H+. 

161. (a) How is ammonia prepared on a large scale? 
Name the process and mention the 
optimum conditions for the production of 
ammonia by this process. 

(b) Assign reasons for the following : 

(i) H,S is more acidic than H,O. 

(ii) NH, is more basic than PH,. 

(iii) Sulphur has a greater tendency for 
catenation than oxygen. 
(Comptt. All India) 

(a) According to Le Chatelier’s principle the 
favourable conditions for the production of 
NH, by Haber’s process are 

e pressure of 200 atmosphere 

e temperature of ~ 700 K 

e use of catalyst like Fe,O, with small 

amount of K,O and AI,O, 
N, + 3H, == 2NH; 

(b) (i) H,S is more acidic than H,O because 
bond dissociation enthalpy of H-S 
bond in H.S is less than that of H -O 
bond in H,O. 

(ii) Since both P and N contain lone pairs of 
electrons but due to small size and high 
electronegativity of Nitrogen in NH,, 
the electron density is much higher than 
PH,, therefore it can easily donate 
electrons and acts as strong Lewis base 
than PH}. 

(iii) The greater catenation tendency of 
sulphur is due to two reasons : 

e The lone pair of electrons feels more 
repulsion in O-O bond than S-S 
bond due to its small size and thus S- 
S forms strong bond. 

e As the size of atom increases down the 
group from O-PO, the strength of 
bond increases and therefore 
catenation tendency also increases. 


Q 


Xe 
To 


Ans. 
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162. (a) Account for the following : 
(i) Acidic character increases from HF to HI. 
(ii) There is large difference between the 
melting and boiling points of oxygen 
and sulphur. 
(iii) Nitrogen does not form pentahalide. 
(b) Draw the structures of the following : 

(i) CIF, (ii) XeF, 

(Delhi, All India) 

(i) Acidic character increases from HF to 
HI because bond dissociation enthalpy 
decreases from HF to HI. 

(ii) Oxygen exists as diatomic O, molecule 
while sulphur exists as polyatomic Sg 
molecule which has very high 
molecular mass therefore sulphur has 
much high melting and boiling points. 

(iii) Nitrogen does not contain ‘d’ orbitals. 

(b) (i) CIF, 


Ans. (a) 


F 


F i 


F 
Shape : Bent T-shaped 
Angle : The angle F-CI-F is lesser than 90° 
(ii) XeF, 





F (++) F 
\Z 


F (=) F 
Shape : Square planar 

163. (i) Which allotrope of phosphorus is more 
reactive and why? 

(ii) How the supersonic jet aeroplanes are 
responsible for the depletion of ozone 
layer? 

(iii) F, has lower bond dissociation enthalpy 
than Cl,. Why? 

(iv) Which noble gas is used in filling balloons 
for meteorological observations?. 

(v) Complete the equation : 

XeF, + PF; ———> (Delhi, All India) 
(i) White phosphorus is more reactive because it 
is less stable due to angular strain. 

(ii) The oxides of nitrogen released by the 
exhausts of supersonic jetplanes are causing 
the depletion of ozone layer. 

(iii) F, has lower dissociation enthalpy as due to 
small size of F there is strong repulsive forces 


Ans. 
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between F-F electrons.Bond dissociation 
enthalpy of F, is less than that of Cl, because 
of large electron-electron repulsion among the 
lone pairs in small size F, molecule. 

(iv) Helium is filled in the balloons for 
meteorological observations. 

(v) XeF, + PF, ———> [XeF]* [PE 

164. Account for the following : 

(i) Acidic character increases from HF to HI. 

(ii) There is large difference between the 
melting and boiling points of oxygen and 
sulphur. 

(iii) Nitrogen does not form pentahalide. 

(i) Acidic character increases from HF to HI 
bond because dissociation enthalpy 
decreases from HF to HI due to which Ht ion 
releases easily. 

(ii) Oxygen exists as diatomic molecule O, while 
sulphur exists as Są molecule which has very 
high molecular mass therefore sulphur has 
high BP and MP. 

(iii) Nitrogen does not contain ‘d’ orbitals. 

165. (a) Complete the following chemical equations : 


(i) Cu + HNO, (dilute) ——> 


(ii) P, + NaOH + H,O ——> 
(b) (i) Why does R,P = O exist but R,N = O 
does not? (R = alkyl group) 
(ii) Why is dioxygen a gas but sulphur a 
solid? 
(iii) Why are halogens coloured? 
(Comptt. Delhi) 


(i) 3Cu + 8HNO,dil. ——> 
Copper 
3Cu(NO,), + 


Cupric nitrate 


(ii) P} + 3NaOH + 3H,O ——> 
PH, +  3NaH,PO, 
Phosphine Sodium metaphosphate 
(b) (i) Nitrogen in R,N = O cannot form px — 
dr multiple bonds because it cannot 
expand its covalency beyond 4 due to 
absence of d-orbital, so it will not exist. 
But R,P = O can do so due to presence 
of d-orbitals and formation of px — dr 
multiple bonds which can expand its 
covalency up to 5. 

(ii) Because of bigger size and the strong 
forces of attraction holding 8 atoms, 
their bonds cannot be broken easily 
and hence sulphur exists as solid while 
oxygen due to high electro-negativity 
and tendency to form pr — dx multiple 
bonds through Vander-waals forces of 
attraction can be broken easily and 
hence exists as gas. 


Ans. 


Ans. (a) 


2NO 


Nitric oxide 


+ 4H,O 
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(iii) All halogens are coloured due to 
absorption of light in the visible region 
as a result of which their electrons get 
excited to higher energy levels and 
while returning to lower level transmit 
energy of corresponding colour. 

166. (a) Write balanced equations for the following 
reactions : 
(i) Chlorine reacts with dry slaked lime. 

(ii) Carbon reacts with concentrated 
H,SO, 

(b) Describe the contact process for the 
manufacture of sulphuric acid with special 
reference to the reaction conditions, 
catalysts used and the yield in the process. 

(Comptt. Delhi) 
(i) Chlorine reacts with dry slaked lime 


2Ca(OH), + 2Cl, 
Calcium hydroxide 
Ca(OCl), + CaCl, + 2H,O 
Calcium oxychloride 
(ii) Carbon reacts with 
H,SO, 


C + 2H,SO, (conc.) ——> 
CO, + 2SO, + 2H,O 
(b) Contact process of sulphuric acid : 
It involves the following steps : 
(i) Formation of sulphur dioxide by 
burning either sulphur or iron pyrites 
in excess of air. 


Ans. (a) 


— 


concentrated 


S +O, —> 90, 


4FeS, + 110, ——> 2Fe,O, + 850, 
(ii) Catalytic oxidation of SO, into SO, by 
using V,O, as catalyst 


Vv 
280, (g) + O, (g) === 280, (g) 
AH = -196.6 KJ mol! 
According to Le-Chatelier’s principle 
the reaction conditions are : 
(a) High concentration of reactants 
(b) Low temperature (623-723 K) 
(c) High pressure (2 bar) 
By obeying above conditions the yield 
of H,SO, will be 96-98% 
(iii) Absorption of SO, in 98% H,SO, to 
give Oleum (H,S,O,) 
SO, + H,SO, ——> H,S,S, 
Oleum 
(iv) Dilution of Oleum to give sulphuric 
acid 
H,S,0, + H,O ——> 2H,SO, 
167. (a) Elements of Gr. 16 generally show lower 
value of first ionization enthalpy compared 
to the corresponding periods of Gr. 15. Why? 
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(b) What happens when 
(i) Concentrated H,SO, is added to CaF,? 
(ii) Sulphur dioxide reacts with chlorine in 
the presence of charcoal? 
(iii) Ammonium chloride is treated with 
Ca(OH),? (Comptt. All India) 
Elements of group 16, i.e., oxygen family 
have general electronic configuration of 
ns*np* while elements of group 15, ie., 
nitrogen family have general electronic 
configuration of ns*np* which is a relatively 
stable half-filled configuration with high 
exchange energy and therefore require more 
ionization energy to release electrons from 
this stable configuration. 
(b) (i) CaF, + 


Calcium fluoride 


Ans. (a 


~ 


conc. H,SO, ——> 


CaSO, + 2HF 
Calcium sulphate 
(ii) SO, (g) + Cl, (g) ——>  SO,Cl, (I) 


Sulfuryl chloride 
(iii) 2 NH,Cl + Ca(OH), ——> 


Ammonium Calcium 
chloride hydroxide 
2NH, + 2H,O + CaCl, 
Ammonia Calcium 
chloride 
168. (a) Draw the structure of the following : 
(i) BrF, (ii) XeO, 


(b) Answer the following : 
(i) Why is NH, more basic than PH,? 
(ii) Why are halogens strong oxidising 
agents? 
(iii) Draw the structure of XeOF,. 
(Comptt. All India) 
(ii) XeO, 


Ok 9 
a | n / l No 


Shape : Trigonal 
pyramidal structure 
(b) (i) Both P and N contains lone pairs of 
electrons but due to small size and high 
electronegativity of nitrogen in NH,, 
the electron density is much higher than 
PH,, therefore it can easily donate 
electrons and acts as a strong Lewis base 
than PH}. 

(ii) Halogens have strong tendency to 
accept an electron due to high negative 
electron gain enthalpies. Hence halogens 
act as strong oxidising agents. 

(iii) XeOF, : Refer to Q. 173 (a) (ii), Page 72 


Ans. (a) (i) BrF, 


Shape : Bent T-shape 


Join 
@booksforcbse 
for more. 


Q 





Chapter 7 : p-BLOCK ELEMENTS 71 








169. (a) Account for the following: 
(i) Ozone is thermodynamically unstable. 
(ii) Solid PCI, is ionic in nature. 
(iii) Fluorine forms only one oxoacid HOF. 
(b) Draw the structure of (i) BrF, (ii) XeF, 
(Delhi) 

(i) Ozone is  thermodynamically very 
unstable because: 

e The decomposition of ozone into 
oxygen is exothermic in nature. (AH = 
—ve) 

e There is also increase in entropy 
which in turn makes AG -ve and 
reaction spontaneous. 

(ii) In solid state, PCl, exists as [PCl,]* 
[PCI] in which the cation is tetrahedral 
and anion is octahedral. Because of the 
presence of strong attractive forces, it is a 
solid. 

(iii) Due to absence of d-orbitals in fluorine, 
it can only form one oxoacid i.e., HOF. 

(b) (i) Structure of BrF; 

F 


Ans. (a) 


F F 


Br 


Square pyramidal structure 
(ii) XeF, 
Shape — Square planar 





170. (i) Compare the oxidizing action of F, and Cl, 
by considering parameters such as bond 
dissociation enthalpy, electron gain 
enthalpy and hydration enthalpy. 

(ii) Write the conditions to maximize the yield 
of H,SO, by contact process. 

(iii) Arrange the following in the increasing 
order of property mentioned: 


(a) HPO, H,PO, H,PO, (Reducing 
character) 

(b) NH, PH, AsH, SbH,, BiH, (Base 
strength) (Delhi) 


Ans. (i) Since the standard reduction potential value 
of fluorine is more than that of chlorine, so 


fluorine is a stronger oxidising agent. 
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e Bond dissociation enthalpy of F, is less as 
compared to that of chlorine. 

e The negative electron gain enthalpy of 
fluorine is slightly less than that of 
chlorine. 

e The hydration enthalpy of flouride ion is 
much higher than that of Cl ion due to 
smaller size. 

(ii) Favourable conditions for manufacturing 
sulphuric acid by contact process are: 

e high pressure of about 2 bars 

e low temperature 720 K 

e presence of V,O,; catalyst 

(iii) (a) HPO, < H,PO, < H,PO, (Reducing 
character) 

(b) BIH, < SbH, < AsH, < PH, < NH, 
(Basic strength) 

171. (a) What happens when : 
(i) HCI reacts with finely powdered iron. 

(ii) Cl, reacts with hot concentrated 

solution of NaOH. 
(b) Give appropriate reason for each of the 
following : 
(i) Sulphur vapour exhibits 
paramagnetic character. 
(ii) NH, is more basic than PH, 
(iii) Dioxygen is a gas but sulphur a solid. 
(Comptt. Delhi) 
(i) It forms FeCl, and H, gas 
Chemical Equation : 


Fe + 2HCl] —> 


some 


Ans. (a) 


FeCl, 


Ferrous chloride 


+ H, 


(ii) It forms NaClO, 
Chemical Equation : 


6NaOH + 3Cl, —> 
(Conc.) 
5NaCl + NaClO, + 3H,O 
Sodium chlorate 
(i) Sulphur above 1000 K exists partially as 
S, molecule which has two unpaired 
electrons in its Anti Bonding orbitals. 
(ii) Due to small size of N, NH, molecule 
has small surface area and high electron 
density in comparison to PH. Hence it 
can donate lone pair of electron more 
readily. 
(iii) In dioxygen there is P, — P, multiple 
bonding and no cation hence it is a gas. 


(b) 





172. (a) Complete the following equations : 
(i) PC, —* 5 
(ii) C + Conc. H,SO, —> 
(b) Explain giving reason in each case : 
(i) Halogens are strong oxidising agents 
(ii) Fluorine form only one oxoacid, HOF 
(iii) Helium is used in diving apparatus 
(Comptt. Delhi) 
Ans. (a) (i) PC, —“*>Pcl, + Cl, 
(ii) C + 2 H,SO, conc. —> CO, + 250, + 
2H,O 
(b) (i) Due to their high electron affinity. As 
they have seven electrons, they accept 
one electron readily. 
(ii) Due to high electronegativity and small 
size of fluorine. 
(iii) Due to low solubility in blood. 
173. (a) Draw the structure of 


(i) BrF, (ii) XeOF, 
(b) Explain giving reason in each case : 
(i) Why H,Te is more acidic than H,S? 
(ii) Why are halogens strong oxidising 
agents? 
(iii) Why does nitrogen show catenation 
tendency less than phosphorus? 
(Comptt. All India) 
©) 


Q 


Ans. @ (i) CPO 


Square pyramidal 
(i) Because of low bond dissociation enthalpy 
of H-Te bond as Te has larger size than S. 
(ii) Because of their strong electron affinity 
they have seven valence electrons. 
(iii) Because N-N single bond is weaker than 
P-P single bond. 


(b) 


LS SS — 
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HALOALKANES AND HALOARENES 


QUICK REVIEW OF THE CHAPTER 


1. The replacement of hydrogen atoms in hydrocarbon, aliphatic or aromatic by halogen atom results in the formation of alkyl 


halide (Haloalkanes) and aryl halide (Haloarene) respectively. 
2. A. Classification of Halogen Derivatives. 
On the basis of number of halogen atoms present halogen derivatives are classified as mono, di, tri, tetra etc. halogen 
derivatives. 
() Monohaloalkane. E.g. C,H; X 














(ii) Monohaloarene. E.g. C,H.X or 


(iii) Dihaloalkanes. They are subdivided into 2 types: 


(a) Vicinal dihalides. Where the 2 halogen atoms are attached on the adjacent carbon atom 
E.g. CH,-Cl 
| 


CH, - Cl 
(b) Gem dihalides. Where the 2 halogen atoms are attached to the same carbon atom. 
E.g. CH,CHCI, 
(iv) Trihaloalkanes. > E.g. CH,—CH,—CH, 

| | | 
X X X 

B. On the basis of the nature of the carbon to which halogen atom is attached, halogen derivative are classified as 1°, 2°, 3° 

allylic, benzylic, vinylic and aryl derivatives. 





ji i i 
R—C—X iat i R"—C—X 
E.g. H H pR" 
Primary (1°) Secondary (2°) Tertiary (3°) 
alkyl halide alkyl halide alkyl halide 
CH,=CH—CH,X 
or 
T X 
Benzylic halide 
e halide 
CH,=CHX X 
or JO 
=a 
X H,C 
Vinylic halide Aryl halide 
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3. General methods of preparation of Haloalkanes: 


(ù) From Alcohols 
Anhy. ZnCl, + HCl 























; > RCI + H,O (Groove's Process) 
Luca’s reagent 
NaBr + H,SO, 
>R- 
R-OH Alcohol PX Ro Bree EDO 
3 >3RX + H,PO, 
PCI; 
>R-Cl + POCI, + HCl 
SOCI, 
— >R-CI + SO,Î + HCIT (Darzen Process) 
Pyridine 


e Order of reactivity of alcohols: 3° > 2° > 1° 
e In Groove’s methods, ZnCl, is used to weaken the C-OH bond. In case of 3° alcohol, ZnCl, is not required. 
Darzen procedure is the best method for preparing alkyl halides from alcohols since both the byproducts i.e. SO, 
an HCl are gaseous and escape easily. 
The reactivity order of halogen acids is 
HI > HBr > HCl 
(ii) From Hydrocarbons: 
(a) Free radical Halogenation of Alkanes 


Cl 
CH,CH,CH,CH, —-2-> CH,CH,CH,CH,Cl + CH;CH,—CH—CH, 


n-Butane 1° Butyl chloride l 
Cl 


2° Butyl chloride 


(b) By hydrohalogenation of unsymmetric alkenes 
Markovnikov’s rule. It states that in the addition of HX to an unsymmetrical alkene, the halogen atom adds 
preferably to the carbon atom of the double bond with lesser number of hydrogen atoms while the hydrogen 
atoms get attached to the other atom. 





CH,—CH = CH, + HCl > CH;—CH—CH, + CH,CH,—CH,Cl 
Propene Li 1° alkylhalid 
2° alkyhalide (minor) 
(major) 


Kharasch effect or peroxide effect or Anti Markovnikov’s rule. 
It is reverse of Markovnikov’s rule where nucleophile gets added to the carbon atom of double bond with more 
number of hydrogen atoms in presence of benzoyl peroxide. 


CH,CH = CH, + HBr — de , CH,CH,—CH,Br 


1° propyl bromide 
(iii Some important name reactions for preparation of alkyl halide. 
(a) Finkelstein reaction 


R-Cl + Nal —Acetone_, RT + NaCl 


(b) Swarts reaction 


CH,Br + AgF ———> CHF + AgBr 
° Hg,F, and SbF, can be used as a reagent for Swarts reaction. 
(c) Hunsdiecker reaction 


CH,COOAg + Br, —S“4+CH,Br + AgBr + CO, 


4. e Boiling point increase with the increase in the size of the halogen atoms. 

E.g. R-I > R-Br > R-Cl > R-F 

e For the same halogen atom B. P. increases with the increase in size of alkyl groups. 
E.g. CH,CH,CH,X > CH,CH,X > CH,X 

e For isomeric haloalkanes branching of the chain decreases the boiling points. 
E.g. CH, —(CH,), - CH,Br > (CH3), CHCH,Br > (CH,),C- Br 

¢ Bond strength of haloalkanes decreases as the size of the halogen atom increases. 
E.g. CHF > CH,Cl > CH,Br> CH,! 

e Dipole moment decreases as the electronegativity of the halogen decreases. 

e Haloalkanes though polar but are insoluble in water as they do not form hydrogen bonding with water. 

e Density order is RI > RBr > RCI > RF 





J 
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5. Chemical properties of Haloalkanes: 


(@ 


Nucleophilic Substitution Reaction (S, reaction) 


KOH (aq) 
C,H,OH + KBr 
Ethanol 
NH, 
t C,HNHg, (C,H) .NH, (C,H;)3N 
(Hoffman’s ammonolysis) 1°2°3° Amines 
KCN 
t C,H, CN + KBr 
Propanenitrile 
H.-B AgCN 
Saas C,H;N = C + AgBr 
Ethyl isocyanide 
KNO, 
a CGH-ONO + KBr 
Ethylnitrite 
AgNO,, A 
C,H;NO + AgBr 
Nitroethane 
R’ONa, A 
m C,H,O—R’ + NaBr 
|Williamson’s Synthesis Ether 
R’COO Ag, A 





> C,H,O—C—R’ + AgBr 
Ester O 





KCN is predominantly ionic and provides cyanide ions in solution, which is ambident nucleophile and bind with 
carbon side to form major product while AgCN is covalent & form isocyanide as the major product. 
Like KCN, KNO, for R-ONO while AgNO, form, R-NO, as a product. 


Nucleophilic substitution reaction are of 2 types: 
(a) Syl type (unimolecular nucleophilic reaction). 
(b) Sp2 type (Bimolecular nucleaphilic reaction). 
Differemce 


75 





Sr. 


Syl (Unimolecular) 


Sy2 (Bimolecular) 





oe WD 


D 





.| It’s a first order reaction. 


Rate, r = K [RX] 


.| It proceeds in 2 steps 

.| Front and backside attack of Nucleophilie is possible. 

.| Partial Racemisation occurs. 

.| No inversion of configuration (Walden inversion) occurs 


i.e. configuration retained. 


.| Reactivity of halides towards Sy1 mechanism is 3° > 2° > 1°. 
.| Polar solvents, low conc" of nucleophiles and weak 


nucleophiles favours Sy1 mechanism. 


.| Carbocation intermediate is formed. 


. Its a second order reaction 


. It proceeds in one step. 

. Only backside attack is possible 
. No racemisation found. 

. Walden inversion occurs. 


. Reactivity of halides towards S,2 mechanism is 1° > 2° > 3° 
. Non-polar solvents, 


. No carbocation intermediate is formed. 


r= K [RX] [Nu] 


strong nucleophiles and high 
concentration of nucleophiles favour SN? mechanism. 





(ii) 


Strength of some nucleophiles are 
CN- >I > OR > OH- > CH,COO- > H,O > F- 


Relative rates of some alkyl halides in S,1 and S,2 reactions are in the order. 
Syl : (CH), CX > C,H,CH,—X > CH, = CH - CH,X > (CH,),CH X > CH,CH, X > CH,X 


resonance stabilised 


Sp2 : CgH,CH,X > CH, = CH—CH, X > CH, X > CH,CH, X > (CH),CHX > (CH;),CX 
Elimination reaction (B-Elimination) or Dehydrohalogenation reaction 


Br 
| 


CH,CH,—CH—CH, “= 


—KBr, — 





But-2-ene(major) 


Ease of dehydrohalogenation among halides 3° > 2° > 1° 
Reduction reaction 


C,H, —Br + H, ec? C,H + HBr 
CHI + HI 22> CH + L, 


m0? CH,—CH = CH—CH, + CH,CH,CH = CH, 


But-1-ene(minor) 
Saytzeff’s rule. If an alkyl halide can eliminate an a-hydrogen atom in two different ways, then that alkene will be 
preferred in which the carbon atoms joined by double bond are more alkyl substituted or alkylated. 





A 
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(iv) Reaction with metals 
(a) Wurtz reaction 


RX + 2Na + xR — P ether 


R- R + 2Nax 
Alkane 


(b) Wurtz - Fitting reaction 


C,H;CI + 2 Na + CICH} — Pe 





> C5H,—CH, + 2 NaCl 
Toluene 
(c) With Mg 


Dry 
C,H,;Br + Mg aa? C,H;Mg - Br 
(Grignard’s reagent) 
e Gringnard’s reagent is never isolated in the solid state as it explodes in dry state. So it is used as etheral solution. 


(v) Isomerisation 
Cl 


| 
CH,CH,CH,—Cl —“2-4¢8_, CH,CH—CH, 
1-Chloropropane 2-Chloropropane 
6. Alkyl halides shows optical isomerism in which optically active alkyl halides can rotate the plane polarised either to right 
(dextro) or left (laevo) direction and their mirror images are non-super imposable. 
e Monochromatic light waves which vibrates only in one plane through nicol prism are called as plane polarised light. 
e Plane of symmetry is a real or imaginary plane which bisects the object into 2 equal and identical halves. 
e Chirality/dissymmetry. The property in which minor images are non-superimposable due to absence of plane of 
symmetry. 
Chiral ‘C’ atom or Asymmetric Carbon — The ‘C’ atom to which all the four atoms or groups attached tetrahedrally in 
space are different. 
Enantiomers are the pair of molecules which are non-superimposable mirror images of each other. 
Racemic mixture is the mixture of pair of enantiomers mixed in equal amount & is optically incative in nature. It is 
represented as (+) or (dl). 
Racemisation is the process by which an enantiomer of an optically active compound can be converted into racemic 
mixture. 
Retention of configuration means retaining the same configuration or the same arrangement of the atoms or groups 
around the chiral carbon as a result of the reaction. 
Inversion of configuration occurs in S,2 reactions in which the attacking Nu gets attached to the side opposite to be 
side where the learning atom was present which result in inverted configuration. 
e Thus for a nucleophilic reaction racemisation retention and inversion of configuration must be there. 
7. Methods of preparation of Aryl halides: 
(i) By halogenation 


cl 
FeCl, dark 
(a) es 
CI +Clh 310-320k A + HCl 
CH, 
CL 





CH,Cl CHCI, 


h h h 
A F A = = 


Toluene Benzyl chloride Benzal chloride Benzotrichloride 


(b) 


(ii) From Benzene Diazonium chloride 
CuCl/HCl 

C,H;Cl + N; 
p Sandmeyer reaction 


CuBr/HB 
uBr/HBr CHBr + N, 


Cu/HC1 
| Hd y C;H;CI + N, 
Gattermann reaction 


Cu/HBr 
mo” C.HoBr + N3 





HBF, y A 
c GN BF, —-? CoHSF 
ah LBF, Balz Schieman reaction 





C,HsI + N, + KCI 
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cl 
+ PCl, ——> A + POCI, + HCl 
8. Physical properties of Aryl halides 


(i Boiling point generally increases with increase in the size of aryl group or halogen atom. 
Ar -I> Ar -Br > Ar - Cl > Ar- F 
(ii) The melting point of p-isomer is more than o - and m - isomer because of more symmetrical nature of p-isomer. 
(iii) Due to resonance in chlorobenzene, C—Cl bond is shorter and hence its dipole moment is less than that of 
cyclohexylchloride. 
9. Chemical properties of Aryl halides 
Following types of reaction are shown by Aryl halides: 
A. Nucleophilic Substitution Reaction 
B. Electrophilic Substitution Reaction 
C. Reactions with metals 
A. Nucleophilic Substitution Reaction. Aryl halides are less reactive towards Sy reaction due to following reasons: 
¢ Due to resonance, C-X bond has partial double bond character. 
e Stabilisation of the molecule by delocalisation of electrons. 
e Instability of phenyl carbocation 


(iii) From Phenol 


OH 











ONa OH 
NaOH (6- 8%) H,0/H* 
— 2 
623 K/300 atm (Dow’s process) 
Sod. Phenate Phenol 
NH, 
2NH;,, Cu,O 
2 PAA 
473 K, 60 atm 
Aniline COOH 
cl 
H,O/H* —— 
Acid hydrolysi + NB; 
cid hydrolysis oe 
CN Benzoic acid 
Chlorobenzene 
CuCN, A CONH, 
Pyridine 
H,0,/OH™ IA 
Benzonitrile P A 
Alkaline hydrol 
(Cyanobenzene) a ead Ww 
Benzamide 
CH,NH, 
Na/alcohol (4H) 





or LiAlH, or Ni/H, 
Benzylamine 


e Aryl halides having electron withdrawing groups (like - NO,, SO,H etc.) at ortho and para positions undergo 
nucleophilic substitution reaction easily. 
e Presence of electron withdrawing group (-NO,) increases the reactivity. 


Cl OH 


(i) NaOH, 443 K 
(ii) H* 








NO, NO, 
4-Nitrochlorobenzene 4-Nitrophenol 
A 
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NO, 


2, 4, 6-Trinitrochlorobenzene 2, 4, 6-Trinitrophenol 
(Picric acid) 


B. Electrophilic Substitution Reactions 


Cl,/ Anhy FeCl, 


Halogenation 





1, 2-Dichlorobenzene 1, 4-Dichlorobenzene 
cl 


NO, 
Conc.HNO,/H,SO, 


Nitration 





> 


NO, 
o-Chloronitrobenzene p-Chloronitrobenzene 
Cl Cl 


SO;H 
Conc.H,SO, 
Sulphonation 





3 
2-Chlorobenzene 4-Chlorobenzene 
Sulphonic acid Sulphonic acid 


cl Cl 


CH,Cl/ Anhy. AICI, 
Friedel Craft’s alkylation 





aa 
SQ 
CH, 


2-Chlorotoluene 4-Chlorotoluene 


CI Cl 


COCH, 
CH,COCI/Anhy.AICl, a 
we 








Friedel Craft’s acylation j 





COCH, 
2-Chloroacetophenone 4-Chloroacetophenone 


All p-products are major and o-products are minor 
¢ Allyl halides are more reactive towards SN reaction than alkyl halides because allyl carbocation is resonance stabilised 
due to which X- ion can readily released and the C-X bond of alkyl halide are more polar so less reactive. 
e Alkyl halides are more reactive than vinyl halides because C-X bond acquires partial double bond character due to 
conjugation or resonance so cleavage of bond is quite difficult compared to haloalkanes. 
e Benzyl halides are highly reactive because benzyl carbocation left after the release of X ion is resonance stabilised 
while in haloarenes, C-X bond acquires a partial double character due to resonance so bond cleavage is quite difficult. 
C. Reactions with Metals 
(i) Wurtz-Fitting reaction: 


C,H,Br + 2Na + Br- CH, —A¥-2thet_, CCH, + 2NaBr 
Bromobenzene Toluene 


(ii) Fitting reaction: 





Anhy. ether 





C,H,Cl + 2Na + Cl - CH; > CH; —- CoH; + 2NaCl 
Biphenyl 


(iii) Ullmann reaction: 


CHI + 2Cu + CHI — C,H,- C,H, + Cul, 
Biphenyl 
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Ni-Al/alcohol 
Å >; 


(iv) CoH,Br + 2H C,H, + HBr 
Bromobenzene Benzene 
10. Trihalogen derivatives 
Chloroform (CHCl) 
Methods of preparation 
(ij) Haloform reaction 


C,H,OH + Cl, ——> CH,CHO + 2HCI (Oxidation) 
Ethanol Ethanal 


CH,CHO + 3Cl, ——> CCl,.CHO + 3HCI (Chlorination) 
Ethanal 2, 2, 2 -Trichloroacetaldehyde 
(Chloral) 


2CCl, .CHO + Ca(OH), ——> 2CHCI, + (HCOO), Ca (Hydrolysis) 
Chloral Chloroform 
(ii) Iodoform reaction 


CH,COCH, + 3I, + 4NaOH ——> CHI, + 3Nal + CH, COONa + 3H,O 
Acetone Iodoform 
e Compounds containing either CH,CO — or CH,CH(OH) group form yellow colour iodoform with I, and NaOH. 
11. Properties of CHCI, 
(ù) Oxidation of CHCl, gives poisonous gas phosgene 


2CHCl, + O, —“> 2coa,+ 2HCl 
Phosgene 
To avoid this oxidation CHCI, is kept in dark brown bottles & filled to the brim. 1% ethanol is added to CHCl, which 
coverts harmful phosgene into diethyl carbonate. 
(ii) CHCl, is widely used in the production of freon refrigerant R-22. 
(iii) On nitration it gives tear gas i.e. chloropicrin 


CHCI, + Conc. HONO, ——> NO,.CCl, + H,O 
Chloropicrin 
(iv) On dehalogenation, it gives Acetylene 


CHCI, + 6Ag + CHCl, —— CH = CH + 6AgCl 
(v) On hydrolysis CHCI, gives formate. 


OH 
Va 
CHCI, + 3NaOH > CH— OH T > HCooNa 
=A Ag 
OH 





12. Polyhalogen derivative 
(ù) Carbontetra chloride (CCl,) 


(a) CH, + 4Cl, —@- CCl, + 4HCl 


(b) CHCl, + Cl, —" CCI + arcl 
(ii) CCl, is used in dry cleaning, as fire extinguisher under name ‘pyrene’ and as a solvent for oils, fats and resins. 
13. Freons. 
e They are chlorofluorocarbon compounds of methane and ethane. 
e They are used for aerosol propellants, air conditioning and refrigeration. 
14. DDT (p,p’ - Dichlorodiphenyltrichloroethane) 
Cl 


Cl 


Cl b C i \ Cl 


cl ë H 
2, 2-bis (4-chlorophenyl)-1, 1, 1-trichloroethane 
e It is used as an insecticide. 
15. Perchloroethane (C,Cl,) is used as moth repellant and is also known as artificial camphor. 
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Previous Years CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 





(1 Mark) 
1. A solution of KOH hydrolyses 
CH,CHCICH,CH, and CH,CH,CH,CH,Cl. 
Which one of these is more easily hydrolysed? 
(Delhi) 
Ans. In aq. KOH S,1 mechanism takes place and the 
formed carbocation is stabilized. Thus 2° 
carbocation is more stable carbocation than 1° 
therefore CH; eT a hydrolyses faster 
Cl 
than CH,CH,CH,CH,ClL 
2. Give the IUPAC name of the following 
compound : (All India) 
Ae ae 
4 NZ 
H ZS 
CH, Br 
Po HC, „h 
i H~ sé 
ue ee 
CH, 
IUPAC name : 2-Bromo-3-methylpent-3-ene 
3. Write the IUPAC name of the following 
compound : 
(CH,), CCH,Br (Delhi) 
CH, 
3 12 1 
Ans. CH,—C—CH,,—Br 
| 
CH, 
IUPAC name : 1-bromo-2, 2-dimethyl propane 
4. Write the IUPAC name of the following 
compound : 
CH, = CHCH,Br (All India) 
3 2 1 
Ans. CH, = CH CH, Br 
IUPAC name : 1-Bromo-prop-2-ene 
5. Write the IUPAC name of the following 
compound : 
ae jer 
Z NH (All India) 
H H Br 
Ans. IUPAC name : 1-Bromo-2-methylprop-2-ene. 
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6. 


Ans. 


Ans. 


Ans. 
. Draw the structure of major monohalogen 


Ans. 


10. 


Ans. 


11. 


Ans. 


12. 


Give the IUPAC name of the following 


compound. (Delhi) 
CH, = C — CH,Br 
| 
CH, 
IUPAC name : 3-bromo-2-methyl propene 
. What happens when bromine attacks 


CH, = CH - CH, - C = CH? (All India) 


CH,=CH—CH,—C=CH+Br, —> 


B 
CH,=CH—CH,-G=C<yy 
Br 


Trans isomer 


. Write the IUPAC name of the following : 


Hy / CH, 
WwW È an 
H ‘Br 


IUPAC name : 3 Bromo-2-methyl propene. 


(All India) 


product formed in the following reaction : 


CH, 
Cy + HI > 

CH, CH, 
Cy + HI —> OS 


In the following pair of compounds, which will 
react faster by S,1 mechanism and why? 


Cl Cl 
fay 


Çl reacts faster by Syl mechanism as it is a 
tertiary halide and it produces a stable 
tertiary carbocation. 


(Comptt. Delhi) 


(Comptt. Delhi) 


Draw the structure of major monohalogen 
product in the following reaction : 


Q + Br, 
A 

Q + Br, ——> 
hv 


Predict the order of reactivity of four isomeric 
bromobutanes in S,1 reaction. (Comptt. Delhi) 
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Heat 
————_ 


Light (Comptt. Delhi) 


Br 


Ans. 


13. 


Ans. 


14. 


Ans. 


15. 


Ans. 


16. 


Ans. 


17. 


Ans. 
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CH,CH,CH,CH,Br < (CH,),CHCH,Br 
< es a HEE, < (CH;),CBr 
Br 
Predict the order of reactivity of the following 
compounds in S1 reaction : 
C,H;CH,Br, C,H,C(CH,) (C,H,)Br, 
C,H,CH(C,H,)Br, C,H,CH(CH,)Br 
(Comptt. Delhi) 
C,H;C(CH,) (C,H;)Br > C,H.;CH(C.H,)Br > 
C,H;CH(CH,)Br > C,H;CH,Br 
Draw the structure of major monohalogen 
product in the following reaction : 


se eee 
CO : dark 
Chlorobenzene 


Give a chemical test to distinguish between 
C,H;Br and C,H,Br. (Comptt. All India) 
Both are heated with aqueous NaOH. C,H,Br 
gives ethanol and NaBr, which on reacting with 
AgNO, gives yellow precipitate of AgBr. 
C,H;Br does not respond to this test. 
Arrange the following in increasing order of 
boiling point : 
(i) CH,CH,CH,CH,Br (ii) (CH,),C.Br 
(iii) (CH,),.CH.CH,.Br (Comptt. All India) 
(CH,),C.Br <(CH,),.CHCH,.Br 
< CH,CH,CH,CH,Br 
Write the IUPAC name of the following : 
(Comptt. All India) 
CH, CH, 


van’, 

n H> CH, 

CH,-CH=C-CH,-CH, 
CH, 


IUPAC name : 3-Methyl pent-2-ene. 


(Comptt. Delhi) 
Cl 


Fe 
dark 





18. 


Ans. 
19. 


Ans. 


Write the IUPAC name of 
CH, - CH - CH, - CH = CH, 


(Delhi) 


Cl 
IUPAC name : 4-chloropent-1-ene 
What happens when CH, — Br is treated with 
KCN? (Delhi) 
+ KBr 


Potassium 
bromide 


CH, - Br + KCN ——» CH,CN 
Methyl 
bromide 


Q 


Potassium 


Methyl 
cyanide 


cyanide 
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@booksforcbse 
for more. 








20. 


Ans. 
21. 


Ans. 


22. 


Ans. 


23. 


Ans. 


24. 


Ans. 
25. 


Ans. 
26. 


Ans. 
27. 


Ans. 


Write the IUPAC name of 
CH, 
| 
CH,CH = CH - C - CH, 
| 


Br (Delhi) 

IUPAC name: 4-bromo-4-methylpent-2-ene 
What happens when ethyl chloride is treated 
with aqueous KOH? (Delhi) 
C,H,Cl + aq. KOH —4-—> C,H,OH + KCl 
Chloroethane Ethanol 
Write the IUPAC name of 

(CH,),CH.CH(CI)CH,. 
IUPAC name: 2-chloro-3-methylbutane 
CH, - i = CH= aaa 


(Delhi) 


CH, Cl 
Which compound in the following pair 
undergoes faster S,1 reaction. (Delhi) 
Cl Cl 
A. and ~+ 


Cl 
A teacts faster by S,1 mechanism as it is a 


tertiary halide and it produces a stable tertiary 
carbocation. 
Write the IUPAC name of the following 
compound: (All India) 
| 3 
CH, — C — OPON 
CH, Cl 
IUPAC name : 2-Chloro-3, 3-dimethylbutane. 
Write the IUPAC name of the following 
compound : (All India) 
es i ea T 


Br Cl 
IUPAC name : 2-Bromo-4-chloropentane 
Write the IUPAC name of the following 
compound : (All India) 
Cl 


| CH 
Cl 


IUPAC name : 2, 5-dichlorotoluene 
In the following pair of halogen cl 


compounds, which compound A Rie 


3 


will react faster by Spl 
mechanism? (Comptt. Delhi) 
Cl 


N (3 alkyl halide) reacts faster than oe (2° 


alkyl halide) due to greater stability of 3° 
carbocations over 2° carbocation. 
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28. A hydrocarbon C,H}, gives only one mono-chlorination product. Identify the hydrocarbon. (Comptt. Delhi) 
Ans. Since there is only one monochloroderivative, the compound contains 12 equivalent hydrogen in four 
equivalent CH,. The compound is 2, 2-dimethyl propane 
Do 
CH; — n — CH; 
CH; 
29. Identify the chiral molecule in the following pair : (All India) 
E 
Ans. N (2-Chlorobutane) is a chiral molecule. 
Cl 
30. Draw the structure of 2-bromopentane. (Comptt. Delhi) 
Ans. CH,—CH—CH,,—CH,—CH 
l 
Br 
31. Which would undergo S2 reaction faster in the following pair and why? (Delhi) 
CH, 
l 
CH,—CH,—Br and CH,—C—CH, 
l 
Br 
Ans. CH,CH,Br reacts faster because it is a primary halide (1° halide). 
32. Which would undergo S,1 reaction faster in the following pair : (All India) 
CH,—CH,—CH,—Br and CH,— CH—CH, 
| 
Br 
Ans. 


33. 


Ans. 


34. 


Ans. 


CH,—CH—CH, , because the secondary carbocation formed is more stable than primary carbocation. 
| 


Br 


Out of eo and ee which is more reactive towards S,1 reaction and why? 


CH, CH, 
(Delhi) 


CH,CH,CH—C] (2-Chlorobutane) is more reactive than 
l 
CH, 


CH,—CH—CH,—C! (1-Chloro-2-methylpropane) because 2-Chlorobutane forms a more stable 2° carbocation. 
| 
CH, 


Write the structure of an isomer of compound C,H,Br which is most reactive towards S,1 reaction. 
(All India) 


1 


CH,—C—CH, (2-Bromo-2-methy] propane) or tert-butyl bromide is most reactive towards Sy1 reaction as it 


| 
Br 


can form 3° carbocation. 
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35. Write the structure of 1-Bromo-4-chlorobut-2- 


ene. (Delhi) 
Ans. H,C-HC=HC-H,C-Br 
| 
Cl 
36. Write the structure of 2,4-dinitrochlorobenzene. 
(Delhi) 
Ans. Cl 
NO, 
NO, 


X 
X 
37. Out of Om CY , which is an example 


of allylic halide? (All India) 
X 


Ans. ô is an allylic halide. 
X 
X 
38. Out of Om CY , which is an example 


of vinylic halide? (All India) 


X 


Ans. CY is vinylic halide. 
CHCl) CH2CH2Clo 
39. Out of CY and Cy j 


which is an example of a benzylic halide? 


(All India) 
CHCl. 
Cy is a benzylic halide. 


Short Answer Type Questions-I (SA-1) 
(2 Marks) 


Ans. 





40. Which one in the following pairs of substances 
undergoes S,,2 substitution reaction faster and 
why? (Delhi) 


(i) <> cH, or 


Cl 
Gi I Cl 
ii) SNIN or SNIN 


Ans. (i) < > cH, is a primary halide and 


Q 


therefore undergoes S,,2 reaction faster. 
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(ii) FOF : As iodine is a better leaving 
group because of its large size, therefore 
undergoes S,,2 reaction faster. 


41. Which one in the following pairs undergoes S,1 
substitution reaction faster and why? 


Cl Cl 
(i) wae © P< 
DNF or INAN . 
(All India) 
Cl 
ZN (3° alkyl halide) reacts faster than 
PINSIN (2° alkyl halide) due to greater 


Ans. (i) 


stability of 3° carbocations over 2° 
carbocation. 
Cl 


(ii) As Pip is a secondary alkyl halide 


which reacts faster in 5,1 reaction than 1° 


alkyl halide A AN / Cl due to greater 


stability of 2° carbocations over 1° 
carbocations. 


42. Complete the following reaction equations : 


CH; 
(i) CY + HI— > 


(i) CH,CH,CH = CH, + HBr > (All India) 


CH, 
Ans. (i) + HI Mark.addn. ~ 


1-Methyl-1-cyclohexene 





CH, 
I 


1-Iodo-1-methyl cyclohexane 


is Mark.addn. 
(ii) CH,CH,CH = CH, + HBr ——““*“""_, 


1-Butene 


CH,;—CH, ~ — CH, 
Br 


2-Bromobutane 








43 How are the following conversions carried out? 
(i) Benzyl chloride to benzyl alcohol, 
(ii) Methyl magnesium bromide to 2-methyl- 


propan-2-ol. (Delhi) 
Ans. (i) Benzyl chloride to benzyl alcohol 
CH,Cl CH,OH 
Aq.KOH 
Hydrolysis 


Benzyl chloride 
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(ii) Methyl magnesium bromide to 2-methylpropan-2-ol _ 











7] CH 
gi rs 
—C— Ht /H,O 
CH MgBe Cha (“CMs agent? | CHa CHC | rare 2 he OM 
al OMegBr 
Methyl magnesium Acetone J E 2-methylpropan-2-ol 


bromide 





44. Haloalkanes undergo nucleophilic substitution whereas haloarenes undergo electrophilic substitution. 
Explain. (Comptt. Delhi) 
Ans. Haloarenes (say chlorobenzene) is a resonance hybrid of the following five structures : 


+ + + 


& l cl cl cm 
A <> A <> 5 <2 i <> 
O <T 


Resonance leads to lowering of energy and hence greater stability. On the other hand, no such resonance is 
possible in haloalkanes. Halogens directly attached to benzene ring are o, p-directing in electrophilic 
subsitution reactions. This is due to greater electron density at these positions in resonance. 





45. Chlorobenzene is extremely less reactive towards a nucleophilic substitution reaction. Give two reasons 
for the same. (Delhi) 
Ans. The reasons are: 
(i) Due to resonance/diagrammatic repre-sentation, C — Cl bond acquires a partial double bond character. As 
a result, the C — Cl bond in chlorobenzene is shorter and hence stronger. Thus, cleavage of C — Cl bond in 
benzene becomes difficult which makes it less reactive towards nucleophilic substition. 
(ii) Due to repulsion between nucleophile and electron rich arenes. 
46. (a) Why does p-dichlorobenzene have a higher m.p. than its o- and m-isomers? 
(b) Why is (+)-Butan-2-ol optically inactive? (Delhi) 
Ans. (a) p-isomers are comparetively more symmetrical and fit closely in the crystal lattice, thus require more 
heat to break these strong forces of attraction. Therefore higher melting point than o- and m-isomers. 
(b) (+)-Butan-2-ol is optically inactive because in racemic mix one type of rotation is cancelled by other. 
H,C = = H,C = CH, 
OH 
47. Account for the following: 
(i) The C — Cl bond length in chlorobenzene is shorter than that in CH, - Cl. 
(ii) Chloroform is stored in closed dark brown bottles. (Delhi) 
Ans. (i) In haloalkanes, the halogen atom is attached 
| 
(- i - Cl) to sp?-hybridized carbon while 
in haloarenes it is attached to sp*-hybridized carbon whose size is smaller than sp* orbital carbon. 
Therefore C — Cl bond in chloro-benzene is shorter than alkyl chloride. 
(ii) CHCl, is stored in dark coloured bottles to cut off light because CHCl, is slowly oxidised by air in 
presence of light to form an extremely poisonous gas, carbonyl chloride, popularly known as phosgene. 


Cl 
2CHCI, + O, —“8* 4 20= CZ + 2HCIZ 
Cl 
Choloform Phosgene or 


Carbonyl chloride 
48. Give chemical tests to distinguish between the following pairs of compounds : 
(a) Benzyl chloride and Chlorobenzene 
(b) Chloroform and Carbon tetrachloride (Comptt. Delhi) 


TA 
© E WW.JEEBOOKS.IN 





for more. 


Ans. (a) 


Benzyl chloride 


(b) 
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Chlorobenzene 
Benzyl chloride 


and Benzyl chloride 
is more reactive than 
chlorobenzene towards nucleophillic 
substitution reactions, therefore, benzyl 
chloride on boiling with aqueous KOH 
produces benzyl alcohol and KCl. 


CH,Cl CH,OH 


Boil R 


+ KOH (aq) + KCl 
Benzyl alcohol 

The reaction mixture on acidification with 
dil. HNO, followed by treatment with 
AgNO, solution produces white ppt. of AgCl 


due to formation of KCl 


KCI + AgNO, ——> AgCI} + KNO, 
white ppt. 

But chlorobenzene does not undergo 
hydrolysis under these mild conditions to 
give phenol and KCI. 
Chloroform and Carbon tetrachloride 
By Carbylamine test : CCl, does not give this 
reaction but chloroform gives this reaction 
and produces offensive smell of phenyl 
isocyanide. 


CHCI, + C,H;NH, + 3KOH (alc.) —“> 


Chloroform Aniline 


CHN > C+3KCl+3H,0 
Phenyl isocyanide 


49. Explain why : 


(a) 
(b) 


Ans. (a) 


Q 


The dipole moment of chlorobenzene is 
lower than that of cyclohexyl chloride. 
Alkyl halides, though polar, are immiscible 
with water. (Comptt. All India) 
Chlorobenzene has lower dipole moment 
than cyclohexyl chloride due to lower 
magnitude of —ve charge on the Cl atom and 
shorter C — Cl distance. Due to greater 
S-character, a sp*-hybrid carbon is more 
electronegative than a sp*-hybrid carbon. 
Therefore, the sp*-hybrid carbon of C - Cl 
bond in chlorobenzene has less tendency to 
release electrons to Cl than a sp? hybrid 
carbon of cyclohexyl] chloride. 


S 2 
P -C-Hy < Hybrid carbon 


& 
O2 CLe<— Less negative charge 


sp -H <— Hybrid carbon 


| 
( ee <— More negative charge 
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(b) Alkyl halides and polar molecules are held 
together by dipole-dipole interaction. The 
molecules of H,O are held together by H- 
bonds. Since the new forces of attraction 
between water and alkyl halide molecules 
are weaker than the forces of attraction 
already existing between alkyl halide-alkyl 
halide molecules and water-water molecules, 
therefore alkyl halides are immiscible (not 
soluble) with water. 








50. (i 


<~ 


Which alkyl halide from the following pair 
is chiral and undergoes faster S,2 reaction? 


AA yN 


Br Br 
(a) (b) 
(ii) Out of S,1 and Sp2, which reaction occurs 


with 
(a) Inversion of configuration 
(b) Racemisation (Delhi) 


Ans. (i) 2-bromobutane VN is a chiral compound 


Br 
and 1 Bromo Butane undergoes Sp2 reaction 
faster. 
(ii) (a) Inversion of configuration occurs with 
Sy2 reaction. 
(b) Racemisation occurs with Sy1 reaction. 
51. Draw the structure of major monohalo product 
in each of the following reactions : 


o< Xon 
(i) K JCH,- CH = CH, + HBr Pee, 


SOCI, 
—— 





(Delhi) 
Ans. (i) OH SOC y 
Cyclohexanol 
< a + SO, + HCl 
Chlorocyclohexane 


(ii) < D-H, - CH = CH, + HBr 


3-Phynyl propene 


tee y < pn, - CH, - CH,Br 


1-Bromo-3-phenyl propane 
52. Write the IUPAC names of the following 
compounds : 
(i) CH, = CHCH,Br 
(ii) (CC1,), CCl 
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Ans. (i) CH, = CHCH, - Br 
IUPAC name : 3-Bromopropene 
(ii) (CCl,),—C—C] : 
IUPAC name : 2-(Trichloromethyl) — 1, 1, 1, 2, 
3, 3, 3-heptachloropropane 
What are ambident nucleophiles? Explain with 
an example. (Comptt. All India) 
Ambident nucleophile : A nucleophile that can 
form new bonds at two or more spots in its 
structure, usually due to resonance contributors. 
Example : S = C = N- can act as a nucleophile with 
either the S or N attacking. 
Write the structures of the following organic 
halogen compounds : 
(i) 4-tert-Butyl-3-iodoheptane 
(ii) 4-Bromo-3-methylpent-2-ene 
(Comptt. All India) 
(i) 4-tert-Butyl-3-iodoheptane 
I 


53. 


Ans. 


54. 


Ans. 





| 
CH,—CH,—CH—CH—CH,—CH,—CH, 
| 


ee mE 
CH, 
(ii) 4-Bromo-3-methylpent-2-ene 
CH,—CH = C———CH—CH, 
l l 
CH, Br 


55 Write the structures of the following organic 
halogen compounds : 
(i) p-Bromochlorobenzene 
(ii) 1-Chloro-4-ethylcyclohexane 
(Comptt. All India) 
(i) p-Bromochlorobenzene 


Cl 


Ans. 


Br 
(ii) 1-chloro-4-ethylcyclohexane 


Cl 


2H 





56. Write the equations for the preparation of 
1-bromobutane from : 
(i) 1-butanol (ii) but-1-ene 
(Comptt. All India) 
(i) Preparation of 1-bromobutane from 


1-butanol 


Ans. 


Q 
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CH,-CH,-CH,-CH,-OH + HBr 128%, 


CH,CH,CH,CH,-Br + H,O 
Or 


CH,-CH,-CH,-CH,OH + PCI, —> 
CH,CH,CH,CH,-Br + POCI, + H,O 





(ii) Preparation of 1-bromobutane from 
but-1-ene 
Z (C6H5C00)2 
CH,CH,CH=CH, + HBr nee 
but-l-en addn 


CH,CH,-CH,-CH,Br 
Which compound in each of the following pairs 
will react faster in S,2 reaction with —OH? 
(i) CH,Br or CH,I (ii) (CH,), CCl or CH,Cl 
(Comptt. All India) 
(i) CH,I : Because Iodide is better leaving group 
than bromide. 
(ii) CH,Cl : Carbon atom leaving group is less 
hindered. 


57. 


Ans. 





58. Which alkyl halide from the following pair is 


(i) Chiral and (ii) undergoes S,,2 reaction faster? 


(a) ANAN (b) Wwe 


(Comptt. Delhi) 
Ans. 
59. 


Refer to Q. 50 (i), Page 85 
Which alkyl halide from the following pair is 
(i) Chiral and (ii) undergoes S,1 reaction faster? 
(a) (CH,),CBr (b) CH,CH,CHBrCH, 
(Comptt. Delhi) 
Ans. (i) 2-Bromobutane is chiral as the central C atom 
has all 4-different groups. 
H 
| 
CH,CH,—C—CH, 
| 
Br 
(ii) 3° Alkyl bromide i.e. (CH),CBr undergoes Sy1 
reaction faster due to more stability of 3° 
carbocation. 
60. How will you carry out the following 
conversions : 
(i) 2-Bromopropane to 1-bromopropane 


(ii) Benzene to p-chloronitrobenzene 
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Ans. (i) CH,CH—CH, + alc. KOH ———> CH,CH=CH, + KBr + H,O 


Propene 
Br Peroxide | + HBr 
2-Bromopropane 
CH,CH,CH,Br 


1-Bromopropane 
(ii) Benzene to p-chloronitrobenzene 
Cl Cl 


© + c, —FeCls A 


Benzene Chlorobenzene 


NO, 


p-chloronitrobenzene 


Short Answer Type Questions-Il (SA-ID) 
(3 Marks) 





61. (i) State one use each of DDT and iodoform. 
(ii) Which compound in the following couples will react faster in S,2 displacement and why? 
(a) 1-bromopentane or 2-bromopentane 
(b) 1-bromo-2-methylbutane or 2-bromo-2-methylbutane. (Delhi) 
Ans. (i) Use of DDT (Dichlorodipheny] Trichloroethane) : As a powerful insecticide, it is widely used for sugarcane 
and fodder crops to kill mosquitoes, lice which carry pathogens. 
Use of iodoform (CHI,) : It is used as an antiseptic for dressing wounds. Its antiseptic action is due to 
liberation of iodine when iodoform comes in contact with skin but not due to iodoform itself. 
(ii) In S\2 reactions, reactivity depends upon steric hindrance 
(a) 1-Bromopentane (1° halogen) having less steric hindrance therefore is more reactive than 
2-Bromopentane hence undergoes 5,2 reactions faster. 
CH,—CH,CH,CH,CH,—Br > CH,—CH,CH,—CH—CH, 
| 


Br 
1-Bromopentane 2-Bromopentane 
(b) 1-Bromo-2-methylbutane having less steric hindrance, is thus more reactive towards 5,2 reaction 
than 2-bromo-2-methyl butane (more steric hindrance). 
62. How would you differentiate between S,1 and S,2 mechanisms of substitution reactions? Give one 




















example of each. (All India) 
Ans. Sxl Sy2 

(Substitution Nucleophilic Unimolecular) (Substitution Nucleophilic Biomolecular) 

1. It takes place in 2 steps. 1. It takes place in single step. 

2. It follows first order Kinetics. 2. It follows second order Kinetics. 

3. The rate of reaction depends upon the 3. The rate of reaction depends upon the 
concentration of 3° alkyl halide only and concentration of both the reactants 
is independent of the concentration of Rate = K [RX] [OH] 
OH- ion. 

Rate = K [3° Alkyl halide] 
4. The Nu- attacks from front side. 4. The Nu- attacks from back side. 
. The reaction occurs through a stable . The reaction occurs through an unstable 

3° carbocation. transition state. 
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6. There is no Walden inversion. 6. The inversion of configuration occurs 
which is known as Walden inversion. 
Example : Example : 
Rx" of 3°-Butyl bromide with aq KOH 
Step 1: 
CMs a A i 
Chace = E HO + C-CI—> | HO—-C-Cl 
] RDS cH, CH Hel /\ 
CH, 8 5 H lal dal 
tert. Butyl chloride t-butyl carbocation Transition state 
Stepi 2 8 
CH, CH, 
le - fag: l ~H g 
pe OE CH;—¢—OH —> HO— C~H + Cl 
CH, CH, Nucleophile CH, H 
tert. Butyl alcohol Methanol 

















63. Answer the following : 
(i) Haloalkanes easily dissolve in organic solvents, why? 

(ii) What is known as a racemic mixture? Give an example. 

(iii) Of the two bromoderivatives, C,H;CH (CH,)Br and C[H.CH(C,H,)Br, which one is more reactive in Sy1 
substitution reaction and why? (Delhi) 

Ans. (i) Because the new forces of attraction set up between haloalkanes and solvent molecules are of the same 

strength as the forces of attraction being broken. 

(ii) A mixture which contains the equal proportions of two enantiomers of a compound in equal proportions 
is called racemic mixture 
Example : (+) butan-2-ol 

(iii) Since the reactivity of S.1 reactions increases as the stability of intermediate carbocation increases. Of the 
two 2° bromides, the carbocation intermediate derived from C,H;CH(C,H;)Br i.e. C,H; CHCH; is more 


a 
stable as compared to the carbocation C,H; CH CH, obtained from C,H;CH(CH,)Br because it is stabilized 


by two phenyl groups due to resonance. 
64. Rearrange the compounds of each of the following sets in order of reactivity towards S,2 
displacement : 
(i) 2-Bromo-2-methylbutane, 1-Bromopentane, 2-Bromopentane 
(ii) 1-Bromo-3-methylbutane, 2-Bromo-2-methyl-butane, 3-Bromo-2-methylbutane 
(iii) 1-Bromobutane, 1-Bromo-2, 2-dimethyl-propane, 1-Bromo-2-methylbutane (All India) 
Ans. (i) 1-Bromopentane > 2-Bromopentane > 2-Bromo-2-methylbutane 
(ii) 1-Bromo-3-methylbutane > 3-Bromo-2 methylbutane > 2-Bromo-2-methylbutane 
(iii) 1-Bromobutane > 1-Bromo-2-methylbutane > 1-Bromo-2, 2-dimethylpropane. 





65. Although chlorine is an electron withdrawing group, yet it is ortho-, para-directing in electrophilic 
aromatic substitution reactions. Explain why it is so? (Delhi) 
Ans. Chlorine withdraws electrons through inductive effect and releases through resonance. Although Cl shows 
-1 effect but through resonance, Cl tends to stabilize the intermediate carbocation and the effect is more 
pronounced at ortho and para positions. 
This can also be explained diagramatically as: 


"Cl: Î :C: 


D H 
+ E — Ce 


Inductive effect destabilises 
intermediate carbocation 
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a CI: 
[N H 
+ E =E E (attack at ortho-position) 


‘Cl: 


“Cl: 


A CI: 
+ 
+ E —-> 
~ O (attack at para-position) 
E H 


(Resonance effect stabilises the 
intermediate carbocation) 


66. Answer the following questions : (All India) 
(i) What is meant by chirality of a compound? Give an example. 
(ii) Which one of the following compounds is more easily hydrolyzed by KOH and why? 
CH,CHCICH,CH, or CH,CH,CH,Cl 
(iii) Which one undergoes S,2 substitution reaction faster and why? 


ho FF or awa a 
Ans. (i) Chirality : The objects which are non-superimposable on their mirror image are said to be chiral and this 


property is known as chirality for Butan-2-ol 


HC ne 
i “ty, ait \\ “Uy, 


Ç-OH HO-C -C—OH 
a el (NUc y, a 


A B C 
C is non-superimposable on its mirror image A. 
(ii) CH, — CH — CH, — CH, is more easily hydrolysed by KOH as it forms II° carbocation 
| 





Cl 
where CH,CH,CH,Cl will form I° carbocation. II? carbocation is more stable than T°. 
(iii) As I is a better leaving group because of its large size, it will be released at a faster rate in the presence 
of incoming nucleophile. 


I 
Therefore LF A will undergo 5,2 substitution reaction faster. 


67. Account for the following : 

(a) The dipole moment of chlorobenzene is lower than that of cyclohexyl chloride. 

(b) Alkyl halides, though polar, are immiscible with water. 

(c) Grignard’s reagents should be prepared under anhydrous conditions. (Comptt. All India) 

Ans. (a) Electron pairs of Cl atom are in conjugation with t electrons of the benzene ring so C-Cl bond in chlorobenzene 

acquires some double bond character while C-Cl bond in cyclohexyl chloride is a pure single bond. 
C - CI bond in chlorobenzene is shorter than in cyclohexyl] chloride. Since dipole moment is a product of 
charge and distance, so chlorobenzene has lower dipole moment than cyclohexyl chloride. 

(b) Alkyl halides are polar molecules, therefore, their molecules are held together by dipole-dipole attraction. 
The molecules of H,O are held together by H-bonds. Since the new forces of attraction between water 
and alkyl halide molecules are weaker than the forces of attraction already existing between alkyl halide- 
alkyl halide molecules and water- water molecules, therefore, alkyl halides are immiscible with water. 
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(c) Grignard’s reagents are very reactive. They react with alcohol, water, amines etc. to form corresponding 
hydrocarbon. 
R-MgX + HOH —> RH + Mg(OH)X 
Therefore, Grignard’s reagents must be prepared under anhydrous conditions. 


68. Give reasons for the following : 
(i) Ethyl iodide undergoes S,2 reaction faster than ethyl bromide. 
(ii) (+) 2-Butanol is optically inactive. 
(iii) C—X bond length in halobenzene is smaller than C—X bond length in CH,—xX. (All India) 
Ans. (i) I, is better leaving group/C—I bond is weaker than C—Br bond. 
(ii) Refer to Q. 46 (b), Page 84 
(iii) In halobenzene, halogen atom is attached to the sp* hybrid carbon atom while in 
CH,-X halogen atom is attached to sp? hybrid carbon atom. Hence C-X bond length in halo benzene is 
smaller than CH,-X. 





69. (a) Draw the structures of major monohalo products in each of the following reactions : 


@ < _>-CH,OH I, 
(ii) < pcm, - CH = CH, + HBr ——> 


(b) Which halogen compound in each of the following pairs will react faster in S,,2 reaction : 
(i) CH,Br or CH,I 
(ii) (CH), C - Cl or CH, - Cl (All India) 


Ans. (a) (i) < Sa, OH eee — O Cl + POCI, + HCI 
(ii) < pn- CH = CH, 3 Be —Matkounikon’s _, < _)-CH,- CH - CH, 


l 
Br 
3-Phenyl-2-bromo propane 
(b) (i) CH,Br will react faster in S,2 reaction. 


(ii) CH, — Cl will react faster in S,)2 reaction. 


70. (a) Which compound in each of the following pairs will react faster in S,2 reaction with 
-OH group? 
(i) CH,Br or CH,I (ii) (CH,),CCl or CH,Cl 
(b) Write the product of the following reactions: 
(i) CH, - Cl + KCN >? 


cl 
(ii) CT + CH, = Cl “Ss 242 (Comptt. Delhi) 


Ans. (a) (i) As T ion is a good leaning group than Br-, therefore reacts faster than CH,Br in SN? reactions with 


(ii) As 3° alkyl halides have more steric hindrance than 1° alkyl halide therefore CH,Cl undergoes SN, 
reaction faster than 3° alkyl halide. 


(b) (i) CH, -Cl + KCN —> KCI + CH,CN 


Cl Cl Cl 
(ii) Cy CHCI LAC, , CL + LY 
CH, c 


H; 
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71. Give reasons : 
(a) n-Butyl bromide has higher boiling point than t-butyl bromide. 
(b) Racemic mixture is optically inactive. 
(c) The presence of nitro group (-NO,) at o/p positions increases the reactivity of haloarenes towards 
nucleophilic substitution reactions. (Delhi) 
Ans. (a) n-Butyl bromide has higher boiling point than t-butyl bromide because it has larger surface area hence 
have more Van der Waals’ forces. 
(b) Rotation due to one enantiomer is cancelled by another enantiomer. 
(c) The presence of nitro group (—NO,) at ortho and para positions withdraws the electron density from 
benzene ring and thus facilitating the attack of nucleophile. 
72. How can the following conversions be carried out : 
(i) Aniline to bromobenzene (ii) Chlorobenzene to 2-chloroacetophenone 
(iii) Chloroethane to butane (All India) 
Ans. (i) AAEN a bromobenzene 
N3Cl~ 


NaNO, + HCl _HB,/CuyBrp > + Nec 
~ 273-278K i 


Benzene diazonium 


chloride 
(ii) Chlorobenzene to 2-chloroacetophenone 
Cl Cl o 
+CH;,coc! AICk, CH; + HCl 


(iii) Chloroethane to butane 
2CH,CH,Cl + 2Na —“28#*t_, CH,CH,—CH,—CH, + 2NaCl 
73. What happens when 
(i) Chlorobenzene is treated with Cl,/FeCl,, (ii) Ethyl chloride is treated with AgNO,, 
(iii) 2-bromopentane is treated with alcoholic KOH? 
Write the chemical — in Supponi of your answer. (All India) 


cl 
(i) Anhyd. 
+ h +HCl 


1,2-dichlorobenzene 1,4-dichlorobenzene 


(ii) CH,;CH,Cl + AgNO, ——> CH,CH,NO, + AgCl 
Nitro ethane 
Br 
| 


(iii) CH;—CH—CH,CH,CH, + KOH (alc.) ——>» CH,CH = CH—CH,—CH, + KCI 


Pent-2-ene 
74. Name the following according to IUPAC system : (Comptt. Delhi) 
Br 
CH, ras 
(i) (ii) CH, —C—CH,—Cl 
| 
CH, 
Ans. (i) 2-Bromotoluene (ii) 1 chloro, 2, 2 dimethyl propane 
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75. Give the IUPAC names of the following compounds : (Comptt. All India) 
(i) CH, — CH — CH, — CH, 
| 
Br 
Br 
(ii) (iii) CH, = CH — CH, — Cl 
Br 


Ans. (i) chu- CH= CIL- CH, IUPAC name : 2-bromobutane. 
| 


Br 
Br 
1 
2 
(ii) IUPAC name : 1,3,-dibromobenzene or m-dibromobenzene. 
3 
Br 
1 2 3 
(iii) CH, =CH—CH,—Cl IUPAC name : 3-chloroprop-1-ene. 
76. Give reasons: (Delhi) 


(i) C—Cl bond length in chlorobenzene is shorter than C—Cl bond length in CH,—Cl. 
(ii) The dipole moment of chlorobenzene is lower than that of cyclohexyl chloride. 
(iii) S\1 reactions are accompanied by racemization in optically active alkyl halides. 
Ans. (i) Refer to Q. 47 (i), Page 84 
(ii) Dipole moment is the product of charge and inter nuclear distance. In case of cyclohexyl chloride 
carbon—chlorine band length is longer than C—Cl band length in chlorobenzene. Hence dipole moments 
of cyclohexyl chloride is more. 

(iii) Sņ1 reactions are accompanied by racemization in optically active alkyl halides because the nucleophile 
will have an equal opportunity to attack on sp? hybridised carbocation from either sides to give a racemic 
mixture. 

Example: 


CH, CH, 


\ 


=Ú RE | ® + cr 
S \ Slow VA \ 
step 
H CH, H CH, 
(+)-2-Chloropentane Carbocation 
CH 
| 3 z 7 i ; 7 CH, 
H H 
<— © —> 
> 
ne GH cn. 
C,H, 3tlz 
(-)-Pentan-2-ol (+)-Pentan-2-ol 
77. How do you convert: (All India) 
(i) Chlorobenzene to biphenyl (ii) Propene to 1-iodopropane 


(iii) 2-bromobutane to but-2-ene 
Ans. (i) Chlorobenzene to biphenyl (Fittig reaction) 


2 K poaa Hee < y < > + 2NaCl 


Chlorobenzene Biphenyl 
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(ii) Propene to 1-iodopropane 
HB 
CH, = CH—CH, Fo, CHjCH,CH,Br —Nal_, CH,CH,CH)I 


acetone 


lodopropane 
(iii) 2-Bromobutane to but-2-ene 


CH,—CH,—CH—CH, 2S KOH CH,CH = CH—CH, 
| 





But-2-ene 
Br 
2-Bromobutane 
78. Write the major product(s) in the following: (All India) 
Br,, UV light 
CH,—CH, —*——*> ? 
. ae Na 
(i) (ii) eee dry ether” 
ON cl 
(ii) CH,—CH,—Br —“8N._, 
ie 
CH,—CH, CHCH, 
Ans. (i) 
———.> 
Br, UV light t Hbr 
O,N O,N 
Na 
(ii) 2CH,—CH—CH, > CH,—-CH—CH—CH, 
| dry ether | | 
CI CH, CH, 
2-chloropropane 2, 2-dimethylbutane 
(iii) CH,CH,—Br + AgCN(alc.) ——> CH,CH,N = C + AgBr 
Bromoethane Ethylisocyanide 


79. In the following pairs of the halogen compounds which compound undergoes faster S,1 reaction. 


3 
| 


(i) CH,—CH,—CH,—CH,—Cl and CH,—C—Cl 
| 


(i) CH,;—CH,—Br and CH,—CH,—I ve (Comptt. Delhi) 
CH, 
Ans. (i) H,C— ¢ —cl (ii) CH,CH,—I 
CH, 


80. What happens when 
(i) CH,—Cl is treated with aqueous KOH? (ii) CH,—Cl is treated with KCN? 


(iii) CH,—Br is treated with Mg in the presence of dry ether? (Comptt. All India) 
Ans. (i) CH,Cl + KOH (aq) —> CH,OH + KCl 
Methanol 


(ii) CH,Cl +KCN —> CH,CN + KCl 
Methyl cyanide 


(iii) CH,Br + Mg P=", CH,MgBr 
Methyl magnesium bromide 
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81. Following compounds are given to you: 
2-Bromopentane, 2-Bromo-2-methylbutane, 1-Bromopentane 
(i) Write the compound which is most reactive towards S,2 reaction. 
(ii) Write the compound which is optically active. 
(iii) Write the compound which is most reactive towards B-elimination reaction. (Delhi) 
Ans. (i) 1-Bromopentane is most reactive towards S,)2 reaction. 
(ii) 2-Bromopentane is optically active. 
(iii) 2-Bromo-2-methylbutane is most reactive towards B-elimination reaction. 
82. Write structures of compounds A, B and C in each of the following reactions: (Delhi) 
CH;Br Mg/ dry ether ~ ae >B PCl; sē 


C02 _, PCI 
Ans. CHBr ey eee wor a i +> S 





A = Phenylmagnesium bromide 
B = Benzoic acid 
C = Benzoyl chloride 
83. The following compounds are given to you: 
2-Bromopentane, 2-Bromo-2-methylbutane, 1-Bromopentane 
(i) Write the compound which is most reactive towards S,2 reaction. 
(ii) Write the compound which is optically active. 
(iii) Write the compound which is most reactive towards B-elimination reaction. (All India) 
Ans. (i) 1-Bromopentane CH;,CH,CH,CH,Br is most reactive towards S,,2 reaction. 
CH3 — CH — CH) — CH2 — CH3 | 
(ii) 2-Bromopentane | is optically active. 
Br 





i 


(iii) 2-Bromo-2-methylbutane CH3CH»—C— CH;is most reactive towards B-elimination reaction. 


| 
Br 


84. Write the structural formula of A, B, C and D in the following sequence of reaction : 





Cl 
| 
HBr Nal Mg 
—CH— ae, N 
CH,—CH—CH, KOH A Peroxide B dry ether =< dry ether 


Ans. Cl 
| 
CH,;—CH—CH, #1 KOH, CH, =CH— CH; p> CH;—CH—CH, 
Propene (A) t 
2-Bromopropane (B) 
[^a /dry ether 
CH;— CH a CH, 
CH3_ ie 
>CHMgl dry ether 1 
CH; 2-Iodopropane 
2° propylmagnesium iodide © 
(D) 
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ALCOHOLS, PHENOLS AND 
ETHERS 


QUICK REVIEW OF THE CHAPTER 


1. Alcohols and Phenols 











They are formed when a hydrogen atom in aliphatic and aromatic hydrocarbon (sp? hybridised respectively) is replaced by 
hydroxyl group (-OH group). 


sp’ hybridised 
H O H 
NLA N e 
wi 108.9° H 7 O 
H I sp’ hybridised 
Phenol 
Methanol 


2. Classification of Alcohols and Phenols 
(Ù Depending upon the nature of carbon atom to which OH group is attached they are of 3 types: 


H CH, CH, 
CH—C—OH , CH—C—OH è, CH,—C—CH, 
H H OH 
Primary (1°) alcohol Secondary (2°) alcohol Tertiary (3°) alcohol 


(ii) Depending upon the number of hydroxyl (-OH) groups they are of following types: 
(a) Monohydric containing one -OH group. 


E.8. CH,CH,OH OH OH OH 
Ethanol CH, CH, 
Phenol O-cresol O-Salicylaldehyde 
OH 
COOH 
‘i CH,=CH—CH,OH E C,H;CH,OH 
Allylic alcohol Benzyl alcohol 
Salicylic acid 
(b) Dihydric containing two -OH groups. 
OH OH OH 
CH,—CH, OH 
E.g. | | 
OH OH 
Glycol OH 
OH 
Catechol Resorcinol Hydroquinone 
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(c) Trihydric containing 3 -OH groups. 
Eg. OH OH OH 


CH,—CH—CH, on on 
| | | 
OH OH OH OH 
Glycerol HO OH 
OH 
Benzene-1, 2, 3-triol Hydroxyquinol Phloroglucinol 


(Pyrogallol) 
3. Preparation of Alcohols 


(i) By acid catalysed hydration in accordance with Markovnikov’s rule: According to this rule, in an addition reaction of 
alkene the negative part of reactant goes to that carbon atom of alkene which has least number of hydrogen atoms: 


CH,CH=CH, + H,O = ae, 


Propene 2-Propanol 
(ii) By hydroboration-oxidation 


CH,—CH=CH 
CH,—CH=CH, + (H-BH,), > CH,—CH,—CH,—BH,—* 2 


Propene 
(CH,—CH,CH,),BH 


CH,—CH=CH, 
2H202, OH 
H 


B(OH), + 3CH,CH,CH,OH ~ mo (CH,—CH,CH,),B <—_____~ 
Propanol 





(iii) From carbonyl compounds 
(a) By reduction of aldehydes and ketones 


CH,CHO + H, “Sig, +? CH,CH,OH 


Ethanal Ethanol (1°) 
CH}COCH; + H, — Ness GH. CH=CH, 
Acetone | 
OH 
Propan-2-ol (2°) 

By reduction of carboxylic acids and ester 
e CH,—CcOooH —““™4_, cH,CH,OH + H,O 

Ethanoic acid moiti Ethanol 

2(NiorPt 

e CH,—COOC,H, LAIH 4/ NaBH, 2CH,CH,OH 

Ethyl ethanoate Ethanol 
From Grignard’s reagent 








H20 P 
e HCHO + RMgX ——> RCH, ,OMgX ——=—> RCH,OH + Mg 
Methanol 1° alcohol N OH 


R R 
| | 
H20 
e CH,CHO + RMgX > CH,—CH—OMgx TMg OX CH,—CH—OH 
Ethanol 2° alcohol 
R R 
| | 
H20 
e CH,COCH, + RMgX > CH, i OMgX Mg OD X CH; i OH 
CH; CH, 
3° alcohol 


H20 











Acetone 


(iv) Hydrolysis of alkyl halides 


CH,Cl + KOH (aq) ——> CH,0H + KCl 
(v) Hydrolysis of ethers 


CH, - O - CH, + H,O —22s . 96m, on 


(vi) From primary 1° amines 
CH,CH,NH, + HONO —N@NO2*HC) , CH,CH, OH + N, + H,O 
Ethanamine ~ Nitrous Acid Methanol 
(vii) By alcoholic fermentation 
Invertase 
C,,H50,, + H,O CgH) 0, + CoH ,0¢ 
Sucrose Glucose Fructose 


C.H,,0, 2» 2 CH}CH,OH + 2C0, 


Glucose Ethanol 
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4. Preparation of Phenols 


oe 
S 
g 


: S x 
OH a oe SOH 
NaNO + HCI 


ae ALO 
273 - 278k < 
A T> () NaOH 
Aniline Benzene (ii) H 
diazonium 


hlorid N Phenol Benzene eee? 
chloride Oe sulphonic 
¢ 
eas. M acid 
Z 


Os 


CH,—C—OOH 


CH; 


Cumene hydroperoxide 
5. Physical properties of Alcohols 
e The hydroxyl groups in alcohols can form H-bonds with water, so alcohols are soluble in water. The solubility 
decreases with increase in molecular mass. 
e Boiling point of alcohols are higher than haloalkanes, ethers and alkanes of comparable molecular masses because of 
the presence of intermolecular hydrogen bonding. 
¢ The boiling point decreases in the order 1° > 2° > 3° as the van der Waal’s forces of attraction decreases with decrease in 
surface area. 
6. Physical properties of Phenols 
e Phenol is sparingly soluble in water even after the presence of hydrogen bonding because the large sized phenyl group 
masks the polar nature of the -OH group. 
¢ Phenol has higher boiling point because of the polar nature of the -OH group which results in hydrogen bonding. 
7. Chemical properties of Alcohols and Phenols 
(i) Alcohols react both as nucleophiles (cleavage of O-H bond) and electrophiles (cleavage of C-OH bond). 
(ii) Alcohols are weaker acids than water due to +I effect of alkyl groups present in alcohols which decreases the polarity 
of O-H bond. 


E.g. "a oS 


R——CH,OH > CHOH > R-—-—C—OH 


1° 2° 3° 
Secondly water is better proton donor than alcohol and alkoxide ion is better proton acceptor than OH” ion. 





R-O- + H-OH > ROH + OH 





(iii) Phenol is more acidic than alcohols due to stablisation of phenoxide ion through resonance which is due to higher 
electronegativity of sp? carbon of ring to which -OH of phenol is attached which increases polarity of -OH bond. 

(iv) Presence of electron withdrawing group increases the acidity of phenol by stabilising phenoxide ion while presence of 
electron releasing group decreases the acidity of phenol by destabilising phenoxide ion. 
o-cresol < p-cresol < m - cresol < phenol < o-nitrophenol < 2, 4, 6 - trinitrophenol (picric acid) 

(v) Phenoxide ion is more stable than alkoxide ion due to delocalisation of negative charge which favours ionisation of 

phenol. 

(vi) Phenoxide ion is more stable than phenol due to charge separation in resonating structures of phenol. 

8. Comparative chemical properties of Alcohols and Phenols 








Alcohol Phenol 
Reactions involving cleavage of OH bond 
1. Reaction with metal 1. Reaction with metal 
2R-OH + 2Na ——> 2R-ONa +H, e 2C,H;OH + 2Na ——> 2C,H;ONa +H, 
Sodium alkoxide Sodium phenoxide 
e C,H;OH+Zn —^> C,H, + ZnO 


Benzene 
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2. Esterification 2. Esterification 
CH,COOH/H* 


CH,COOH/H* 
ROCOCH, + H,O CgH,OCOCH 


(CH,CO),0/H* 
ROCOCH, + CH,COOH >C,H,OCOCH, 

+ CH,COOH 
CH,COCI 


ROCOCH, + HCl Pyridine 
Ester 


(CH,CO),0/H* 





CH,COCI 


Pyricline 


C,H,OCOCH, 


Acetophenone 


Reaction involving cleavage of C-OH Bond 
3. Reaction with Grignard reagent 3. Reaction with G.R. (Grignard Reagent) 


C,H,OH + CH,;MgBr ———> CH, + C,H;OMgBr OCH; 
eae C,H,OH + C,H;MgBr ——> C,H, + MgC 
Ethane Br 
4. Schotten Baumn Reaction (Benzoylation) 


Coons ce.coc —O! . cm.ococn,+Ha 


Phenol Benzoyl Phenyl benzoate 
chloride 


COOH COOH 
OH OCOCH, 


H+ 
+ (CH,CO),0 —> + CH,COOH 


Acetylsalicylic acid 


Salicylic acid 
(Aspirin) 








9. Reactions involving cleavage of C-OH bond. 
(i) Reaction with (Lucas reagent): It is used to distinguish between 1°, 2° and 3° alcohol. 





| | 
—C—OH + HC] —Aty2nCa_, _C—CI + H,O 
| | 


(1°,2°,3° alcohol) Alkyl chloride 
¢ If turbidity appears immediately, alcohol is 3°. 
e If turbidity appears after sometime, alcohol is 2°. 
e Incase turbidity appears on heating, alcohol is 1°. 


(ii) Other reactions 


PCI, 
7———_ CH, CH,,Cl + POCI; + HCI 


PCL. 
+——— > _ CH, CH,,Cl + HPO, 


SOCl, 
> CH,CH,Cl + SO, + HCl 


CH,CH,OH [Conc. H,SO, CH, = CH, + H,O 
443 K 


1° alcohol Acid KMnO CH,CHO 0 , CHCOOH 


idati CrO 
Oxidation TO, > CH,CHO 
cC CH,CHO 
Cu 
573 K 
CrO 





CH,CHO 


CH,—CH—CH, Oxidation CH;COCH, 
| | 
OH Cu 
2° alcohol 573 K CH;COCH; 


CH; acid KMnO, , CH,COCH; + CO, + H,O 
l ee Conc. HNO; 
CH,—C—CH, Oxidation CH, 
| 
| 


G 
OH = gz > CH;—C = CH, 
3° alcohol 2-Methylpropene 
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10. Terms related to alcohols 
(i) Rectified spirit. It contains 95% ethyl alcohol and 5% water. 
(ii) Absolute alcohol. Alcohol containing no water i.e. 100% C,H,OH known as absolute alcohol. 
(iii) Methylated spirit. The rectified spirit rendered poisonous by addition of 4-5% methyl alcohol, traces of pyridine and 
some copper sulphate and is known as methylated spirit or denaturated alcohol. 
(iv) Power alcohol. Mixture of 80% ethanol and 20% petrol acts as a fuel and known as power alcohol. 
(v) Wood Spirit. Methanod obtained by destructive distillation of wood is called as wood spirit. 


ZnO-Cr203 
CO + 2H, —ez3K300aim > CHOH 


Methanol is poisonous in nature and can cause blindness when taken in small amount and death when taken in large 
amount. 


11. Reactions of Phenols (Electrophilic Substitution reactions) 


OH OH 
Br 
Halogenation Br, in CS. 
8! > 2) 29 $ 
273K 


(maje or) (minor) 


OH 
Br Br 





Br 
2, 4, 6-Tribromophenol 


OH OH 
SO,H 
Conc. H,SO, 
— + 
Sulphonation 


SO,H 
O and P- Hydroxy benzene sulphonic acid 


anda È 


Nitration eo and P-Nitrophenol 


Mastin A 
Cone FSS OH 
3 


NO, NO, 


NO, 
Picric acid (2, 4, 6- oe 


Alkylation 
> 
CHCI, + HF 


O and P- tae 


Friedel crafts reaction of alcohol doesn't take place because electron deficient AlCl, coordinates with lone pairs of oxygen 
atom of phenol. 





OH O 


Na,Cr,O,/H,SO, 





> 
Oxidation 


(©) 


Phenol Benzoquinone 








Join WW.JEEBOOKS.IN 


@booksforcbse 
for more. 





100 Shiv Das Chapterwise Question Bank (Chemistry XII) 


12. Name reactions of Phenol 
(i) Reimer-Tiemann reaction 


OH ONa OH 
CHO CHO 
+ CHCI, + aq.NaOH ——> Jy 
Salicylaldehyde 
OH ONa 
13. ETHERS 
Preparation of Ether: 


(i) By dehydration of alcohol 


(ii) Kolbe’s reaction 


OH 


Salicylic acid 
(2-Hydroxybenzoic acid) 


H,SO, 
—*—4 > CH,=CH, 


443 K Ethene 
CH,CH,0H —— 





L, C,H;0C,H; 
413 K 
(ii) Williamson Synthesis Diethylether 
q» j 
CH,—C—ONa + CH,—Br > CH,—C—O-CH, + NaBr 
l 





| o i 

CH, 1° alkyl halide CH, 

If 3° alkyl halide is used then alkene is obtained because 1° sodium alkoxide is a strong nucleophile and base and 
causes elimination reaction. 


CH, CH, 





| ll 
CH,CH,ONa + CH,—C—Br > CH,—C + CH,OH + NaBr 
| | 


CH, CH, 
OH ONa OCH, 


+ CH,Cl 


14. Physical properties of Ethers 
Ethers are polar but insoluble in water and have low boiling point than alcohols of comparable molecular masses because 
ethers cannot form hydrogen bonds with water. 

15. 


+HI 


lit alkyl group is 3° in ether then 3° alkyl 
halide is formed due to more stable 3° 
carbocation which causes S,1 reaction 
dil. H,SO, 

H,O 2C,H,OH 


PCI 
| FS 2C,H,CI + POCI 





Al 
L ALO; , 2CH, = CH, + H,O 
600 K 
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16. Electrophilic substitution reaction of Anisole 


Br 
Br, + CH,;COOH 
> E 


As 
O 


+ 
Halogenation 


Br 
O and P-Bromoanisole 


OCH, OCH, 
NO, 


ae 
H,SO, + HNO, O 


OCH, 
NO, 
| O and P-Nitroanisole 
OCH, OCH, 


Anisole SO,H 
Conc. H,S0, . ` ro] 
y 
Sulphonation 


Nitration 





SO,H 
O and P-Methoxybenzene Sulphonic acid 


OCH, OCH, 


CH, ea 
Anh. AICI, + CS, + O 
Alkylation 


Friedel crafts 
! CH, 
reaction 





O and P-Methoxytoluene 


OCH; OCH; 
Anh. AICI, + COCH, S 


CH,COCI 
t VO 
Acetylation 





COCH, 
O and P-MethoxyAcetophenone 
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Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 














(1 Mark) 
1. Give the IUPAC name of the following 
compound : (Delhi) 
CH,—C = C—CH,OH 
| | 
CH, Br 
4 3 2 1 
Ans. CH,;—C = C—CH,OH 
| | 
CH, Br 
IUPAC name : 2-Bromo-3-methyl-but-2-ene-1-ol 
2. Give the IUPAC name of the following 
compound : (All India) 
H,C = CH— CH — CH, — CH, — CH, 
l 
OH 
1 2 3 4 3 6 
Ans. H,C = CH— CH — CH, — CH, — CH, 
| 
OH 
IUPAC Name : Hex-1-en-2-ol or 3-Hexenol 
3. Write the structure of the molecule of a 
compound whose IUPAC name is 
1-phenylpropan-2-ol. (All India) 
Ans. 1-phenylpropan-2-ol 
On 
H,C—CH—CH, 
4. How would you convert ethanol to ethene? 
(All India) 
Ans. C;H;0H —S“<22°01_, HC = CH, + H,O 
Ethanol Ethene 
5. Draw the structure of 2, 6-Dimethylphenol. 
(All India) 
OH 
HC. CH, 
Ans. 
6. Draw the structural formula of 2-methylpropan- 


2-ol molecule. (Delhi) 
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Ans. 


Ans. 
. Ortho nitrophenol has lower boiling point than 


Ans. 


Ans. 


10. 


Ans. 


11. 


Ans. 


OH 
| 

CH, — CCH, 
| 


CH, 


. Draw the structure of hex-1-en-3-01 compound. 


(Delhi) 
CH, = CH - CH(OH) - CH, - CH, - CH, 


p-nitrophenol. Why ? (Comptt. Delhi) 
Ortho-nitrophenol has lower boiling point due to 
formation of intramolecular H-bonding whereas 
p-nitrophenol forms intermolecular H-bonding. 


. Ortho-nitrophenol is more acidic than ortho- 


methoxyphenol. Why? (Comptt. Delhi) 
NO, group is an electron withdrawing group while 
methoxy group is electron donating in nature. The 
release of H* is easier from O-nitrophenol while it is 
difficult from O-methoxyphenol. 

The C-O bond is much shorter in phenol than in 
ethanol. Give reason. (Comptt. Delhi) 
Carbon of C-O bond of phenol is Sp? hybridised, 
so it acquires a partial double bond character but in 
ethanol it is Sp? hybridised and a single bond. 
Double bond is shorter than a single bond. 

Write the IUPAC name of the following : 


CH, 
CH, — c = n —CH,OH (Comptt. All India) 
Br 
IUPAC name : 2-Bromo-3-methyl but-2-en-1-ol. 





12. 


Ans. 


13. 


Ans. 


14. 


Ans. 
15. 


Of the two hydroxy organic compounds ROH 
and R’OH, the first one is basic and other is 
acidic in behaviour. How is R different from R’? 
(Comptt. Delhi) 
When R = alkyl, ROH behaves as a bronsted base 
and when R’ = aryl, R‘OH behaves as a bronsted 
acid. 
Give a chemical test to distinguish between 
2-Pentanol and 3-Pentanol. (Comptt. Delhi) 
2-pentanol gives Iodoform test with yellow ppt. 
of Iodoform while 3-pentanol does not give this 
test. 
Write the chemical reaction to explain Kolbe’s 
reaction. (Comptt. Delhi) 
Kolbe’s reaction : Refer to Q. 35 (i), Page 105 
How would you obtain ethane-1, 2-diol from 
ethanol? (Comptt. All India) 
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Ans. 


17. 


Ans. 
18. 
Ans. 


19. 


Ans. 


Chapter 11 : ALCOHOLS, PHENOLS AND ETHERS 103 


onc. H,SO, dil alk.KMnO, 
433-443K 1” » CHOH 


(Dehydration) CH, CH,OH 
Ethene (Ethane-1-2-diol) 
How would you obtain acetophenone from phenol? (Comptt. All India) 


CH;,CH,OH £ 
Ethanol 


OH COCH; 


Zn dust A CH3COCI + 
- ZnO Anhyd. AlCl; 


Phenol Acetophenone 
Write IUPAC name of the following : (Comptt. All India) 
CH,—C = C—CH,OH 


CH, Br 
IUPAC name : 2—Bromo-3-methylbut —2-ene-1-ol 
How would you obtain phenol from benzene? (Comptt. All India) 


Conc. HSO, NaOH O 
353-363K -H,O 


Benzene 


OH ONa 


Dil. H»SO, O 


ke 
Phenol 


Write IUPAC name of the following : (Comptt. All India) 
CH; 





OH 


OCH; 
IUPAC name : 2-Methoxy—5—-methyl phenol 





20. 


Ans. 
21. 


Ans. 


Which of the following isomers is more volatile : 
o-nitrophenol or p-nitrophenol? (Delhi) 
o-nitrophenol is more volatile than p-nitrophenol due to intramolecular hydrogen bonding. 


Name the alcohol that is used to make the following ester : (Comptt All India) 
O 


Il 
CH,—C—O—CH—CH, 


CH, 
Alcohol used : Propan-2-ol 





22. 


Ans. 


Write the IUPAC name of the given compound. (Delhi) 
NO, OH 


NO, 
2, 5-dinitrophenol. 
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23. Write the IUPAC name of the given compound: 
(All India) 
CH,—CH—CH,—O—CH,—CH, 
| 


CH, 


Ans. IUPAC name : 1-Ethoxy-2-methylpropane 





24. Write the IUPAC name of the given compound: 


(All India) 
CH,—CH,—OH 


Ans. 
25. 


2-Phenylethanol 
Write equation of the nitration of anisole. 
(Comptt. Delhi) 


OCH, OCH, 


Ans. 


NO, 


p-nitro Anisol is major product 


OH 


26. Out of CH,OH and , which one is more 


acidic? 
OH 


(Comptt. All India) 


Ans. is more acidic, as Phenoxide formed is 


more stabilized by Resonance. 





27. Write the IUPAC name of the following 
compound: (All India) 


H3C — C = C— CH; — OH 
| | 


CH2 Br 
2-Bromo-3-methylbut-2-enol-1-o1 
Write the IUPAC name of the following 
compound: (All India) 
CH = CH — CH2 — OH 


Ans. 
28. 


Ans. 
29. 


3-phenylprop-2-en-1-ol 
Write IUPAC name of the following compound : 
(Comptt. Delhi) 


OH 
gan 
NO, 
Join 
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Q 





Ans. 2, 3-Dinitro phenol. 
30. What happens when phenol is oxidized by 
Na,Cr,O,/H,SO,? 
Ans. Phenol forms benzoquinone on oxidation with 
Na,Cr,O,/H,SO,. 


OH O 


Na,Cr,O7 
H2SO4 


O 


Phenol Benzoquinone 
31. What happens when phenol is heated with zinc 
dust? (Comptt. All India) 
Ans. Benzene is formed when phenol is heated with 


zinc dust. 
OH 


A 


+ Zn dust ————-> + ZnO 


32. What happens when phenol is treated with 
(Comptt. All India) 


2, 4, 6-tribromophenol is formed when phenol is 


bromine water? 
Ans. 
treated with bromine water. 


OH OH 
Br. Br 
+ 3Br, ——» 
Br 


33. Give simple chemical tests to distinguish between 
the following pairs of compounds: 
Benzoic acid and Phenol (All India) 
Ans. Ferric chloride test. Add neutral FeCl, in both the 
solutions, phenol reacts with neutral FeCl, to 
form an iron-phenol complex giving violet colour 
but benzoic acid does not. 


Short Answer Type Questions-I (SA-1) 
(2 Marks) 





34. Complete the following reaction equations : 


(Delhi) 
() << > OH #S0C1,-> 


CH,OH 
(ii) 
+HCl—> 


HO 
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OH+SOCl, 


Ans, O <S —>{_)-c1+80,+ HCI 


Chlorocyclohexane 


g CH,OH CH,Cl 
(ii) Cy + HC] ———> Cy 
HO HO 


4-Hydrocymethylphenol 4-Chloromethylphenol 





35. Illustrate the following reactions giving a chemical equation for each : 
(i) Kolbe’s reaction (ii) Williamsons synthesis of an ether (Delhi) 
Ans. (i) Kolbe’s reaction : Phenol reacts with CO, in presence of sodium hydroxide (NaOH) at 4 - 7 Atm and 
390 — 410 K giving salicylic acid 


OH ONa OH 
l COOH 
NaOH © CO; 
(ii) H 
Phenol Sodium Ortho-hydroxybenzoic acid 
phenoxide (Salicylic acid) 


(ii) Williamsons synthesis of an ether : The reaction involves the nucleophilic substitution of the halide ion 
from the alkyl halide by the alkoxide ion by S,2 mechanism. 


Example : 
— SS B+ 
CH,CH,—O—Nat + CH,CH,—Br — a > CH,CH,-O—CH,—CH, + NaBr 
Sod. ethoxide Ethyl bromide Diethyl ether 
36. Explain the following reactions with an example for each : 
(i) Reimer-Tiemann reaction (ii) Friedel-Crafts reaction. (Delhi) 
Ans. (i) Reimer-Tiemann reaction : Treatment of phenol with CHCl, in presence of aqueous NaOH at 340K 
followed by hydrolysis gives salicylaldehyde. 


OH ONa ONa OH 


CHCl, CHO} CHO 
Example : + CHCI MOH 340K 5 -NaOH y E z S 





Salicylaldehyde 


(ii) Friedel-Crafts reaction : This reaction is used for introducing an alkyl or an acyl group into an aromatic 
compound in presence of Lewis acid catalyst (AICI,) 
Example : 
CH, 


Anhyd. AICI 
+ CH, CI “3 
O C 3 C Friedel crafts i + HCl 
alkylation 


Methyl chloride Toluene 





COCH, 


+ CH. COCI Friedel Crafts 
O á acylation + HCl 


: Anhyd. AICI, 
Acetyl chloride Acetophenone 


37. How are the following conversions carried out? 
(i) Propene to propan-2-ol (ii) Ethylmagnesium chloride to propan-1-ol. (Delhi) 
Ans. (i) Propene to propan-2-ol 








Br OH 
l Il 
HBr Aq.KOH.A 
CH, CH = CH, (Mark addy’ CH,—CH—CH, KBr > CH,—CH—CH, 
Propene Isopropyl bromide (Hydrolysis) Propan-2-ol 
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(ii) Ethylmagnesium chloride to propan-1-ol 


CH,CHMgCl -ona ia? [CH;CH,CH,OMgCl] — = 0 , CH,CH,CH,OH + Mg(OH)C! 


Ethyl Magnesium chloride Addition product Propan-1-ol 


38. How are the following conversions carried out? 
(i) Benzyl chloride to benzyl alcohol, 











(ii) Methyl magnesium bromide to 2-methylpropan-2-ol. (All India) 
Ans. (i) Benzyl chloride to benzyl alcohol 
CH,Cl CH,OH 
Aq.KOH 
Hydrolysis 
Benzyl chloride Benzyl alcohol 
(ii) Methyl magnesium bromide to 2-methylpropan-2-ol 7 
CH, m 
H+/H20 
CH, MgBr + CH,- (7 CB; ~ Grigard se a ile Hydrolysis > CH; 7 CH, 
Re OMgBr OH 
Methyl magnesium Acetone = 2-methylpropan-2-ol 


bromide 





39. Explain the following giving one example for each : 
(i) Reimer-Tiemann reaction. (ii) Friedel-Craft’s acetylation of anisole. (Delhi) 
Ans. (i) Reimer-Tiemann reaction. Refer to Q. 36 (i), Page 105 
(ii) Friedel-Craft’s acetylation of anisole : 


OCH, OCH, OCH, 
COCH, 
+cH,coc: -DALA CY ‘ 
: Acetyl chloride 
Anisole 2-Methoxyacetophenone 
(Minor) COCH, 
4-Methoxyacetophenone 

(Major) 


40. How would you obtain 
(i) Picric acid (2, 4, 6-trinitrophenol) from phenol, 
(ii) 2-Methylpropene from 2-methylpropanol? (Delhi) 
Ans. (i) Picric acid from phenol : 
OH OH 


+ Conc. HNO, __Conc.H,S0, , ON NO, 


Phenol 


2 
2, 4, 6-Trinitrophenol 
(Picric acid) 


(ii) 2-Methylpropene from 2-methylpropanol : 





H SO, (Conc) = 
H,C—CH CH, OH 180: Cond, CH;—C 
CH, CH, 
2-Methylpropanol 2-Methylpropene 





41. Explain the mechanism of acid catalysed hydration of an alkene to form corresponding alcohol. (All India) 
Ans. Acid catalysed hydration : Alkenes react with water in the presence of acid as catalyst to form alcohols 


Bie HLN a 
PECS +H Oe 2 C- CL 
H OH 
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Mechanism : It involves three steps : 
(i) Protonation of alkene to form carbocation by electrophilic attack of H,O* 


(ii 


wa 


Nucleophilic attack of water on carbocation 
| 425". l | | 

-C-C +H,0 == -—c-c-o-H 
ie ea r | + 


(iii) Deprotonation to form an alcohol 
| | | “oS ji oe 
scendi + H, —> -C -C-+H,O 
3 i 


l 
42. Explain the following behaviours : 
(i) Alcohols are more soluble in water than the hydrocarbons of comparable molecular masses. 
(ii) Ortho-nitrophenol is more acidic than ortho-methoxyphenol. (All India) 
Ans. (i) Alcohols can form H-bonds with water and break the H-bonds already existing between water molecules. 


So they are soluble in water. 
+ + 


& 5 3) 5 ò 
R=-0 22247 -0-H -0O 
NS XN aN 


R 

On the other hand, hydrocarbons cannot a H-bonds Mh water and hence are insoluble in water. 
(ii) Due to strong — R and -I effect of the - NO, group, electron density in the - OH bond decreases and 

hence the loss of a proton becomes easier. Moreover O-nitrophenoxide ion is stabilized by resonance, 

thereby making O-nitrophenol a stronger acid. 

In O-methoxyphenol, due to +R effect of the - OCH, group the electron density in the O — H bond increases 

thereby making the loss of proton difficult. Furthermore, the O-methoxyphenoxide ion left after the loss of a 

proton is destabilized by resonance because the two negative charges repel each other. So O-methoxyphenol is a 








weaker acid. 
43. Explain the mechanism of the following reaction: (Delhi) 
+ 
2CH;— CH,— oH- CH;CH,— Ö—CH,—CH; + H,O 
+ 
Ans. 2CH;— CH, —OH Ta? CHCH, —Ö—CH,—CH; + H,O 
Excess 


Mechanism: Step 1: Protonation of alcohol 


aN + ZH 
CH,CH,-0-H + H* = CH,CH,-0 7 
H 


Protonated ethanol 
(oxonium salt) 


Step 2: Nucleophillic attack by unprotonated alcohol molecule on protonated alcohol molecule 


H CH,CH 
is + + 238 
CH,CH,-O-H + CHCH, LO ~ c-o +H,O 
H H 
Protonated ethoxy 
ethane 
Step 3: Loss of a portion to form ethoxy ethane 
E CH,CH, a 
CH,CH,—O 2 + H—O-CH,-CH, CH,CH, — O — CH,CH, 
H A NE Ethoxy ethane 
Protonated ethoxy ethane + H 
+ 
CH,CH,—O 
oe Se 
H 


Protonated ethanol 
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44. How will you convert: 
(i) Propene to propan-2-ol? (ii) Phenol to 2, 4, 6-trinitrophenol? (Delhi) 
Ans. (i) Propene to propan-2-ol : Refer to Q. 37 (i), Page 105 
(ii) Phenol to 2, 4, 6-trinitrophenol? 
OH OH 
NO, NO, 
+3HNO, —> + 3H,0 


Phenol 
NO 


2 
Picric acid 
(2, 4, 6-trinitro phenol) 





45. How will you convert the following? (Delhi) 
(i) Propan-2-ol to propanone (ii) Phenol to 2, 4, 6-tribromophenol 
Ans. (i) Propan-2-ol to propane 
CH, CH, 
cu _OH EC 0,/7 804 3 “o 
CH; ? CH; 
Propan-2-ol Propanone 


(ii) Phenol to 2, 4, 6-tribromophenol : Phenol reacts with bromine in presence of polar solvent H,O to form 
2, 4, 6-tribromophenol (white ppt.) 


OH OH 
Br. Br 
+ 3Br, H,O + 3HBr 
Br 
Phenol 2, 4, 6-Tribromophenol (white ppt.) 
46. How will you convert: 
(i) Propene to Propane-1-ol? (ii) Ehtanal to Propan-2-ol? (Delhi) 
Ans. (i) Propene to Propane-1-ol 
Aq. KOH 
CH,CH=CH, —HBr/Peroxide_5 CH CH ,CH,Br a 





2 (Anti-Mark addn.) A | (Hydrolysis) 


1-Bromopropane 





CH,CH,CH,OH 
Propan-1-ol 
(ii) Ehtanal to Propan-2-ol 
H — Dry ether Ho S CH, -Mg(OH)I H a CH, 
Ethanal Addition product Propan-2-ol 
47. Explain the mechanism of the following reaction: (All India) 
CH,—CH,—OH —"—, CH,=CH, + H,O 
443K 
i Ha 
Ans. H-C-C-Ö-H+H =t- H-Ç-Ç-0'-H 
| l 
H H H H 
Protonated alcohol 
(Ethyl oxonium) 
48. Write the equations involved in the following reactions: 
(i) Reimer-Tiemann reaction (ii) Williamson’s ether synthesis (All India) 


Ta 
© ee WW.JEEBOOKS.IN 


for more. 





Chapter 11 : ALCOHOLS, PHENOLS AND ETHERS 109 


Ans. (i) Reimer-Tiemann reaction : Refer to Q. 36 (i), Page 105 
(ii) Williamson’s ether synthesis : Refer to Q. 35 (ii), Page 105 





49. Write the equations involved in the following reactions : 
(i) Reimer - Tiemann reaction (ii) Williamson synthesis (All India) 
Ans. (i) Reimer - Tiemann reaction : Refer to Q. 36 (i), Page 105 
(ii) Williamson synthesis : Refer to Q. 35 (ii), Page 105 
50. Write the mechanism of the following reaction : 


CH,CH,OH — =", CH,CH,Br + H,O (All India) 
Ans. Refer to Q. 68 (a), Page 114 
51. Write the equations involved in the following reactions: 
(i) Williamson ether synthesis (ii) Kolbe’s reaction (Comptt. Delhi) 
Ans. (i) Williamson ether synthesis : Refer to Q. 35 (ii), Page 105 
(ii) Kolbe’s reaction : Phenoxide ion generated by treating phenol with sodium hydroxide is more reactive 
than phenol and undergoes electrophilic substitution with carbon dioxide. Ortho hydroxybenzoic acid is 
m as the main reaction poa 
ONa 


COOH 
NaOH , Oe ‘a 
(ii) (i) H* 


Sodium Ortho-Hydroxybenzoic acid 








phenoxide (Salicylic acid) 
52. How are the following conversions carried out? 
(i) Propene to Propan-2-ol (ii) Ethyl chloride to Ethanal (Comptt. Delhi) 
Ans. (i) Propene to propan-2-ol 
os i 
CH, CH = CH, Maka Rafi, Bes. cH~CH—CH, 
Propene Isopropyl bromide (Hydrolysis) Propan-2-ol 

(ii) Ethyl chloride to ethanal 

CH;CH,C] —2a898 , CH,CH,OH — 2285.4 CH,CHO 

Ethyl chloride Ethanol Ethanal 





53. Explain the mechanism of dehydration steps of ethanol : 
CH,CH,OH -E> CH, = CH, + H,O (Comptt. Delhi) 
Ans. Acid Dehydration of ethanol : 
CH,CH,OH — Œ, CH, = CH, + H,O 


443K 
Mechanism : 


; Z N i - 
Ota tO + (H— OSOH) = CH;—CH, —Ö—H +ÖSO;H 


Ethanol 4 





Protonated ethanol 


t + 
(ii) CH, TE H slow + CH;-CH;, +H,0 





RDS (Rate determining step) 
H Ethyl carbocation 


(iii) HX CHa x CH, + OSO;H 88. CH, =CH, + H,SO, 


Ethene 
54. Write the mechanism of acid dehydration of ethanol to yield ethene. (Comptt. All India) 
Ans. The mechanism of dehydration of ethanol involves the following steps : 
Step 1: Formation of protonated alcohol 





H H H H H 
H-C-C-Ö-H+H =t- H-Ç-Ç-Q'-H 

| l 

H H H-H 

Ethanol Protanated alcohol 


(Ethyl oxanium ion) 
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Step 2 : Formation of Carbocation : It is the slowest and rate determining step. 





i Hg 
He C=Co Q-H 2a H-C-C + H,O 
H H H H 
Step 3 : Formation of ethene by elimination of a proton 
H 
H H 
I~, | + 
H-c¥C——= oe = or +H 
| | H H 
H H Ethene 
55. Write the mechanism of the following reaction: (Delhi) 
Conc. H,SO 
2CH,CH,OH — -pęk > CH,CH,—O—CH,—CH, 
Ans. Mechanism: 
H 


Step 1: CH,—CH,O-H + H! —> CH,-CH,O-H 








oe + H + 
Step 2: CH,CH,—O: + CH, cH ESC >CH,CH,—O—CH,CH, + H,O 
e 


+ + 
Step 3: CH,CH,<O + CH,CH, —> CH,CH,—O—CH,CH, + H 


Q 
H 





56. (a) Arrange the following compounds in the increasing order of their acid strength: 
p-cresol, p-nitrophenol, phenol 
(b) Write the mechanism (using curved arrow notation) of the following reaction: 


CH, = CH, —°"_, CH, — CH,* + H,O (All India) 
Ans. (a) Order of acidic strength: 
p-cresol < phenol < p-nitrophenol 
(b) Mechanism of acid catalysed hydration of alkene: 
Step 1: Protonation of alkene to form carbocation by electrophilic attack of H,O*. 


H,O + Ht ——> H,O+ 


So ea 4 





+ + oe 
C=C + H~O-H == H-C-C + H2O 
A me oe NX oe 
H H i H 
Step 2: Nucleophilic attack of water on carbocation 
H H H H 
| a" . mie 
ae + HỌ == H-—C—C-—O-H 
| | 
yD. H H 
Step 3: Deprotonation to form an alcohol 
tlk ioe 
H-C-C-Q7H + HÖ — H-C-C-H + HMQ 
H H H H 


Ethanol 
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57. Write the structures of the products when Butan-2-ol reacts with the following: 





(a) CrO; (b) SOCI, (All India) 
| 
Ans. (q) CHs—CH—CH-CHs cO: CH; —CH)—C—CH3 
OH 
Butan-2-ol Butan-2-one 


CH3CH,CH—CH3 + SOCI ——* CH3CH;—CH—CH3 + SO, + HCI 
| | 


(b) OH cl 
Butan-2-ol 2-Chlorobutane 
Short Answer Type Questions-Il (SA-ID 
(3 Marks) 





58. Explain the mechanism of the following reactions : 
(i) Addition of Grignard’s reagent to the carbonyl group of a compound forming an adduct followed by 
hydrolysis. 
(ii) Acid catalysed dehydration of an alcohol forming an alkene. 
(iii) Acid catalysed hydration of an alkene forming an alcohol. (Delhi) 
Ans. (i) Carbonyl group undergoes nucleophillic addition reaction with Grignard reagent to form an adduct 
which undergoes hydrolysis to give alcohol in the following manner : 








Sg “N ô- 6+ [ XY - + 7 H,O 
Po de ae ad -T-O ew “Hydrolysis” 
TAR d \ 
Adduct / C-OH + Mg(OH)xX 
| 
R 
Alcohol 


(ii) The mechanism of dehydration of ethanol involves the following steps : 
Mechanism : It involves the following three steps : 
Step 1: Formation of protonated alcohol 





H H H HH 
EOL er + fast | | l4 
H-C-C-0-H+H ht oo —H 
| | 
H H 
H H 
Ethanol Protanated alcohol 


(Ethyl oxonium ion) 
Step 2 : Formation of Carbocation : It is the slowest and rate determining step. 


HH Hy 
H-C-CQ'-H Se H-C-C'+H,0 
H H H H 
Step 3 : Formation of ethene by elimination of a proton 
H H H H 
I~ | 3 we 
H-C¥ = `c- cl tH 
| | 
H H mn n 
Ethene 


(iii) Acid catalysed hydration : Alkenes react with water in the presence of acid as catalyst to form alcohols. 
Mechanism : It involves the following three steps : 
Step 1 : Protonation of alkene to form carbocation by electrophilic attack of H,O* 
H,O + H+ > H,O+ 


H H 
HM PAN oils l +H = 
C =C + H= QO —-H=H-C-C + H,O 

H H H 
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Step 2 : Nucleophillic attack of water on carbocation 





H H H H 
[| LAN ode i, 
Hec-CL t Feb eC-Ca0 =H 
H H H H 
Step 3 : Deprotonation to form an alcohol 
TY HH 
H-C-C-Q’-H+H,9 aH oCHCoH+ HO’ 
H H H H 


59. Explain the following observations : 

(i) The boiling point of ethanol is higher than that of methoxymethane. 

(ii) Phenol is more acidic than ethanol. 

(iii) o- and p-nitrophenols are more acidic than phenol. (All India) 
Ans. (i) Due to presence of intermolecular H-bonding, associated molecules are formed, hence ethanol has high boiling 
point while methoxymethane does not have intermolecular H-bonding. 

(ii) Phenol on losing H* ion forms phenoxide ion, and ethanol on losing H* ion forms ethoxide ion. 
Phenoxide ion is more stable than ethoxide ion as phenoxide ion exists in resonance structure. Due to 
this phenol is more acidic than ethanol. 

(iii) Both o- and p-nitrophenols contain the NO, group which is an electron withdrawing group. Due to -R and 
-I effect of the -NO, group, electron density in the OH bond of substituted phenol decreases and hence the 
loss of proton becomes easy and therefore more acidic. 





60. How would you convert the following : 
(i) Phenol to benzoquinone (ii) Propanone to 2-methylpropan-2-ol 
(iii) Propene to propan-2-ol (All India) 
Ans. (i) Phenol to benzoquinone 
OH © 
K2Cr07 
H,SO, 


Phenol 
P-Benzoquinone 


(ii) Propanone to 2-methylpropan-2-ol 











CH; CH; OMgCl + CH OH 
\ Dry NAZ H /H,0 3N anA 
C=O + CH;MgCl eher? C ———— 
CH. 3 ether CH,” CH, CH,⁄ ‘CH, 
Propanone Grignard reagent ~ Addition product 2-Methylpropan-2-ol 
(iii) Propene to propan-2-ol 
n on 
_ HBr Aq.KOH 
CH; z CH=CH, (Mark. addn.y CH, -ÇH— CH, a KBr CH, —-CH— CH, 
Propene Isopropyl bromide Propan-2-ol 
61. How would you obtain the following : 
(i) Benzoquinone from phenol (ii) 2-Methylpropan-2-ol from ethylmagnesium chloride 

(iii) Propan-2-ol from propene (All India) 

Ans. (i) Benzoquinone from phenol 
OH O 
+ O, —> 
(air) 
Phenol O. 
P-Benzoquinone 
(ii) Refer to Q. 37 (ii), Page 105 (iii) Refer to Q. 37 (i), Page 105 
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62. 


Ans. 


63. 


Ans. 


64. 


Ans. 


65. 


Ans. 





Draw the structure and name the product formed if the following alcohols are oxidized. Assume that an 
excess of oxidising agent is used. 











(i) CH,CH,CH,CH,OH (ii) 2-butanol (iii) 2-methyl-l-propanol (Delhi) 
Structure Name 
(i) CH,;CH,COOH Butanoic acid 
(ii) CH, - CH = CH - COOH But-2-en-1-oic acid or 2-butenoic acid 
(wii) CH, - CH(CH,) - COOH 2-methylpropanoic acid 











(a) Illustrate the following name reactions : 
(i) Reimer-Tiemann Reaction (ii) Williamson Synthesis. 
(b) Give a chemical test to distinguish between 2-propanol and 2-methyl-2-propanol. (Comptt. Delhi) 
(a) (i) Reimer-Tiemann Reaction : Refer to Q. 36 (i), Page 105 
(ii) Williamson Synthesis : Refer to Q. 35 (ii), Page 105 
(b) 2-Propanol is a secondary alcohol. When it reacts with I, in NaOH, it forms a yellow ppt of iodoform 
but 2-methyl-2 propanol does not respond to this test. 
(a) Give a seperate chemical test to distinguish between the following pairs of compounds : 
(i) Ethanol and Phenol (ii) 2-Pentanol and 3-Pentanol 
(b) Explain Kolbe’s reaction with the help of suitable example. (Comptt. Delhi) 
(a) (i) Ethanol on reacting with I, in NaOH gives yellow ppt of iodoform whereas phenol does not respond 
to this test. 
(ii) 2-Pentanol on reacting with I, in NaOH gives yellow ppt of iodoform whereas 
3-pentanol does not respond to this test. 
(b) Kolbe’s reaction : Phenol reacts with NaOH to give sodium phenoxide which on reaction with CO, in 
acid gives salicylic acid. 


ONa OH 
1) co COOH 
T NaOH — ur ?” on 


Salicylic acid 
(a) How would you obtain the following : 
(i) 2-methylpentan-2-ol from 2-methyl-1-pentene (ii) Acetophenone from phenol 
(b) Write IUPAC name of the following : 


NO, 
OC,H; 
(Comptt. All India) 


(a) (i) 2-Methylpentan-2-ol from 2-methyl-1-pentene 





OH 
dilH,SO4 | 
CH,CH,CH, - C = CH, + HOH > CH, ~ CH, - CH, -C - CH; 
CH, CH, 


(ii) Acetophenone from phenol 


OH 
COCH, 
+ 7n-—> Caco hrdo, 
AIC, 


Phenol Benzene 


(b) IUPAC name : 1-ethoxy-2-nitrocyclohexane. 
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66. (a) Give mechanism of preparation of ethoxy ethane from ethanol. 
(b) How is toluene obtained from phenol? (Comptt. Delhi) 
Ans. (a) Mechanism of formation of ethoxy ethane 
Step 1: Protonation of ethanol 
< N + H 
CH;CH, —O—H +H* == CH;CH,—O 
Ethanol ` H 
Protonated ethanol 
Step 2 : Nucleophillic attack by unprotonated alcohol molecule on protonated alcohol molecule 
S H CH,CH3 


3 Sn2 
CH3;CH,—O—H +CH3CH, — OC Sow HO CH3CH, — OC 
H H 


Protonated ethoxy ethane 
Step 3 : Loss of proton to form ethoxy ethane 
„CHCH; 


E j 
CH,CH, —O 35 +H—O—CH,CH, 








Protonated ethoxy ethane Ethanol 
Fast 
+ yu 
CH3CH, -R O— CH, CH, + CH, CH, — O NH 
Ethoxy ethane Protonated ethanol 
(b) Toluene from Phenol 
OH CH; 
Zn dust distil CHCl, Anhyd. AlCl 
- ZnO F.C. alkylation 
Phenol Benzene Toluene 


67. (a) Give chemical tests to distinguish between the following pairs of compounds : 


(i) Pentan-2-ol and Pentan-3-ol (ii) Methanol and Phenol 
(b) o-nitro phenol is more acidic than o-methoxy phenol. Explain why. (Comptt. All India) 
Ans. (a) (i) 2-pentanol gives lodoform test with yellow ppt. of lodoform while 3-pentanone does not give this 
test. 


(ii) Distinction between Methanol and Phenol : 
By FeCl, test : Phenol gives violet coloured solution with FeCl, while methanol does not. 


OH a 


3 + FeCl —~> Fe + 3HCl 
3 
Violet colouration 
(b) O-nitro phenol is more acidic than o-methoxy phenol due to presence of NO, group which has -I effect. 
It weakens the O-H bond of phenol by withdrawing their electrons and thus releases H* ion easily 
while due to +I, +R effect of OCH,, o-methoxy phenol is less acidic. 





68. Write the mechanism of the following reaction : 
CH,CH,OH — ==, CH,CH,Br + H,O 
Ans. CHCH,- OH + HBr "250s , CH,CH, -Br + H,O 


Refl: 
Pea Bromo ethane 


Mechanism : S2 mechanism 


- Tl + 
() CHCH, — ÖH + H* —= CH;CH, — OH, 


Protonated 1° alcohol 
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CH; 
S- | S+ 
Br- CH) = OH, 


Transition state 


| 


Br - CH, - CH, + H,O 
Bromoethane 
Explain the following with an example for each : 
(i) Kolbe’s reaction (ii) Reimer-Tiemann reaction 
(iii) Williamson ether synthesis (Comptt All India) 





(ii) Br CACH LOH, — 














Ans. (i) Kolbe’s reaction : Refer to Q. 51 (ii), Page 109 
(ii) Reimer-Tiemann reaction : Refer to Q. 36 (i), Page 105 
(iii) Williamson synthesis of an ether : Refer to Q. 35 (ii), Page 105 
70. How are the following conversions carried out? 
(i) Propene > Propan-2-ol (ii) Ethylmagnesium chloride — Propan-1-ol 
(iii) Benzyl chloride > Benzyl alcohol (Comptt All India) 
Ans. (i) Propene to propan-2-ol 
Br OH 
| l 
HBr Aq.KOH.A 
CH, CH = CH, haa CH,—CH—CH, -Ker CH,—CH—CH, 
Propene Isopropyl bromide (Hydrolysis) Propan-2-ol 
(ii) Refer to Q. 37 (ii), Page 105 
(iii) Refer to Q. 38 (i), Page 106 
71. How do you convert the following : 
(i) Phenol to anisole (ii) Propan-2-ol to 2-methylpropan-2-ol (iii) Aniline to phenol (Delhi) 
CH.X Anisole 
Ans. (i) C,H;OH + NaOH ——> C,H;ONa ———*—> C,H,OCH, + NaX 
- ? çh: 
(ii) CHs-CH-CH; -C2 CH, -C -CH GEME CH, —C-OH 
CH3 
2-Methyl propan-2-01 
(ii) CH, NH, — E , CH, N,CI 20%", C H,OH 
Phenol 
72. (a) Write the mechanism of the following reaction : 
2CH,CH,OH — > CH,CH,-O-CH,CH;, 
(b) Write the equation involved in the acetylation of Salicylic acid. (Delhi) 
H 
Ans. (a) (i) CH;—CH,—O-H +H'—CH;-CH;—'Ö-—-H 





H + 
(ii) CHa-CHa—QH + CHCH “OG, — CH- CH- Ö-CH— CH; + H:O 





(iii) CH3;—CH -0 -CHCH; — CH3CH2—O — CH: CH; + H* 


H 
COOH COOH 
OH OCOCH, 
Acetic anhydride 
Salicylic acid Aspirin (2-acetoxy benzoic acid) 
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73. Give reasons for the following : 

(i) Phenol is more acidic than methanol. 

(ii) The C—O—H bond angle in alcohols is slightly less than the tetrahedral angle (190°28’). 

(iii) (CH,),C—O—CH, on reaction with HI gives (CH,),C—I and CH,—OH as the main products and not 
(CH,),C—OH and CH,—I. (All India) 

Ans. (i) Phenol is more acidic than methanol because in phenol, phenoxide ion formed is more stabilized by 

resonance than phenol. There is no resonance in methanol. 

(ii) The C—O—H bond angle in alcohols is slightly less than tetrahedral angle due to repulsion between the 
lone pairs of electrons of oxygen. 


(iii) (CH,),C* is 3° carbo-cation which is more stable than CH, for Sy1 reaction. 


74. How are the following conversions carried out? 


(i) Propene to propan-2-ol (ii) Benzyl chloride to Benzyl alcohol 
(iii) Anisole to p-Bromoanisole (Comptt. Delhi) 
Ans. (i) Propene to propan-2-ol 
CHCH = CH: + HO <== cy, — seis 
OH 
(ii) Benzyl chloride to Benzyl alcohol 
CH,Cl CH,ONa CH,OH 
+ NaoH HCL, H., 


(iii) Anisole to p-Bromoanisole 


OCH, L, OCH, 
_ Bo 
-CHCOOH 
Anisole o-Bromoanisole 
(minor) p- D 
(major) 


75. Write the major product in the following equations : 





OH 
(i) CH, —CH,OH 5, ? (ii) + cH c ZLAC, , 
(iii) CH, — Cl + CH,CH, — ONa ——> ? (Comptt. All India) 
Ans. (i) CH,— CH,OH + PCI, —— + CH,CH,Cl + POCI, + HCl 
Ethanol Ethyl m 
OH 


a Anhyd.AICl, | AICI, 
(ii) + CHCl “Friedel Craft's 
alkylation 


2-methylphenol 
(o-cresol) 
4- ee 
(p-cresol) 
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(iii) | Williamson’s ether synthesis : 


CH,Cl + CH,CH,ONa — > CH,CH,O—CH, + NaCl 
Methyl Sodium Methoxy ethane 
chloride ethoxide 





76. Write the main product(s) in each of the following reactions: 


CH, 

| 0 ByH 
(i) CH,—C—O—CH, + HI —> (ii) CH,—CH = CH, —©@ Bis 

| (ii) 3H 0, /OH 
CH, 

(ii) CH,-OH —@24-N208 (Delhi) 

(ii) CO,,H* 

CH, CH, 


| | 
Ans. (i) ss a + HI —> ee + CH,OH 
CH, CH, 
Tert-butyl methyl ether 

(ii) CH;—CH = CH, 

Explanation: 
3CH,CH = CH, + 1/2 B,H, ——> (CH,CH,CH,O),B 

Propene Tri-n-propyl borate 


(i) B2H6 


(ii) 3H O, /OH™ CEC 


| H,0,/OH” 


3CH,CH,CH,OH + H,BO, 
Propan-1-ol Boric acid 
OH 
COOH 
(i) aq. NaOH 
(ii) CO, ,H* 


ONa 
+ NaOH(aq) > © 


Phenol Sodium phenate 


400K 
and + CO, 
4-7 atm 


(iii) CH, —OH 


Explanation: 
OH 


OCOONa 


HCl 


OH 
COONa 
AAEN 
NaCl Rearrangement 2 


Sodium salicylate Phenyl sodium 
carbonate 


OH 
COOH 


Salicylic acid 
(2-Hydroxybenzoic acid) 
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77. Write the final product(s) in each of the following reactions: (All India) 
I 
(a) ae HI —> (b) CH,—CH,—CH—CH, _ Cuba K y 
CH, OH 


(i) CHCl, + aq. NaOH 
ce) CHo -a 


(ii) Ht 
cis qH 
Ans. (a) pe ae + HI —> eer + CHJ 








CH, CH, 
Tert-butylmethylether Tert-butylalcohol Methyl iodide 
(b) Gs, ESNAERA CH;—CH ech, +H, 
OH O 
OH ONa 
CHO 
(i) CHCl, + aq. NaOH 
(c) C;H;OH - - > + aia, e, 
ul 
Phenol 
naci fir 
OH 
CHO 
78. How are the following conversions carried out? 
(i) Propene — Propan-2-ol (ii) Benzyl chloride — Benzyl alcohol 
(iii) Ethyl magnesium chloride > Propan-1-ol (Comptt. Delhi) 
H? 
Ans. (i) CH,CH= CH, +H,O == oe ei 
OH 
ii ( \ CH,—Cl moo cn ae 
(iii) CH,;CH,MgCl + HCHO 29/2" _, CH,CH,CH,OH (or any other suitable method) 
79. Explain the following with an example in each : (Comptt. All India) 

(i) Kolbe’s reaction (ii) Reimer-Tiemann reaction 


(iii) Williamson ether synthesis 
Ans. (i) Kolbe’s reaction : Phenol reacts with CO, at 390-400 K under pressure 4-7 giving Selicyle Acid 


ONa OH 
COOH 
NaOH (i) CO, 
— — y 
(ii) H* 


Salicyclic acid 
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(ii) Reimer-Tiemann reaction : Phenol reacts with CHCl, and NaOH at 340 K giving salicyl aldehyde. 
ON 


H at O Nat OH 
CHCI CHO CHO 
CHCI, + aq NaOH NaOH H 
———— —>- ———_ 


Salicyl aldehyde 
(iii) Williamson ether synthesis : Alkyl Halide reacts with Alkoxide. 


R—X+R—-Ö NA R-O—R +Na X 








80. (a) What happens when CH,—O—CH, is heated with HI? 


(b) Explain mechanism for hydration of acid catalyzed ethene : 


CH, = CH, + H,O oe ere CH,—CH,—OH (Comptt. Delhi) 
Ans. (a) Methyl Iodide (CH,J) and Methanol (CH,OH) are formed when CH,—O—CH, is heated with HI. 
CH,—O—CH, + HI ——> CH,I + CH,OH 
Dimethyl ether Methyl Iodide Methanol 
(b) Acid catalysed hydration : Alkenes react with water in the presence of acid as catalyst to form alcohols. 


Mechanism : It involves the following three steps : 


Step 1 : Protonation of alkene to form carbocation by electrophilic attack of H,O*. 


H,O + Ht —— > H,0* 


H H 
HL eX eal | +H = 
c = cára oenS=f-c-cl + HÖ 
Z a = o 
H H H H 


Step 2 : Nucleophilic attack of water on carbonation 
H H H H 
| BAN. E i i 
aia ace Os H, O =— H ç o O -H 
mo çà H H H 


Step 3 : Deprotonation to form an alcohol 





H H H H :OH 
CCG £n. Lo] : 

H-C-Ç-Q' -H +H, Ö —>H-C-C-H+ H.O 
H H H H 


81. Why phenol is more acidic than ethanol? 
Ans. Phenol on losing H+ ion forms phenoxide ion, and ethanol on losing H+ ion forms ethoxide ion. Phenoxide 
ion is more stable than ethoxide ion as phenoxide ion exists in resonance structure. Due to this phenol is more 
acidic than ethanol. 
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BIOMOLECULES 





( QUICK REVIEW OF THE CHAPTER 
CARBOHYDRATES 





Classification of carbohydrates: 
e Monosaccharides: Polyhydroxy aldehydes or polyhydroxy ketones which cannot be decomposed by hydrolysis to give simpler 
carbohydrates. Examples: Glucose, Fructose, Ribose, Arabinose, Mannose, Gulose etc. 
e Oligosaccharides: The oligosaccharides (Greek, oligo, few) are carbohydrates which yield a definite number (2-9) of 
monosaccharide molecules on hydrolysis. 
e Trisaccharides: A carbohydrate that yields three monosaccharide molecules upon hydrolysis. Examples: raffinose, which has 
molecular formula, C,,H,,O,,. 
e Polysaccharides: The polysaccahrides are carbohydrates of high molecular weight which yield many monosaccharide 
molecules on hydrolysis. Examples are starch and cellulose, both of which have molecular formula, (C,H,,O,),. 
Monosaccharides and oligosaccharides are crystalline solids, soluble in water and sweet to taste. They are collectively known as 
sugars. The polysaccharides, on the other hand, are amorphous, insoluble in water and tasteless. They are called non-sugars 
carbohydrates. 
Monosaccharides 
e The Aldoses, which contain an aldehyde group (-CHO). 
e The Ketoses, which contain a ketone group (>C=0). 


Aldehyde 
Grou 
P  CH,OH 
Ketone 
C C20 croup 
(CHOH), (CHOH), 
| | 
CH,OH CH,OH 
Aldoses Ketoses 
(n = 1,2,3,4,5) (n =0, 1,2,3,4) 











DCG) glyceraldehyde << 





CHO CHO 

H——oH HO T 
Aldotetrose H——OH H OH 
CH,OH CH,OH 
D(-)-erythrose D(-)-threose 

















AE D-erythrose —] [~ D-threose —; 
i CHO CHO CHO 
de HO——H H——HO HO ——y 
Aldopentose H——oH es aa oss ral 
ses eae H—+ OH H—— OH H—| OH 
aoe CH,OH CH,OH CH,OH 
D(-)-ribose D(-arabinose D(+)-xylose D(-lyxose 
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7—OH 
OH 
— OH 
— OH 

CH,OH 
D(+)-allose 





Aldohexose CT D-xylose 


CHO 
H—— OH 
H—— oH 

HO——H 
H—— 0H 
CH,OH 





D(-)-gulose 





Stereo Isomerism in Carbohydrates: 


D(+)-altrose 


ar: 


C 


Eo D-ribose —] 


CHO 
—H 
—OH 
— OH 
I~ OH 
CH,OH 





HO 


HO ——H 
H——OH 

HO——H 
H—+_ OH 
CH,OH 





D 


(-)-idose 
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D-arabinose 
m~ 


H 
HO 
H 
H 


OH 
H 


OH 
OH 


CH,OH A 
D(+)-glucose D(+)-mannose 


HA 
HO — 
HO— 

H— 





T D-lyxose — j 


CHO CHO 





OH HO — 
~H HO — 
—H HO——H 

— OH H—— OH 





CH,OH CH,OH 


D(+)-galactose D(+)-talose 


e If the hydroxyl group on the asymmetric carbon atom farthest from aldehyde or ketone group projects to the right, the 


compound is a member of the D-family. 


e If the hydroxyl group on the farthest asymmetric carbon projects to the left, the compound is a member of the L-family. 





H—C—OH 





CH,OH 


D-Glucose 





Oo H 
XZ 
C 
HO—C—H 
H—C—OH 


HO—C—H 





CH,OH 


L-Glucose 





CH,OH 

C=O 

HO—C—H 
H—C—OH 





CH,OH 





D-Fructose 


=O 


CH,OH 

Ca 

HO—C—H 
H—C—OH 


=> 


CH,OH 








L-Fructose 





e Maximum Number of Optical Isomers = 2", where n = the number of asymmetric carbon atoms. 
e Epimer: A pair of diastereomers that differ only in the configuration about of a single carbon atom are said to be epimers. 





Epimers 








D(+)-Galac 





‘tose 





D(+)-Glucose 


Epimers Dl 


H—C—OH 





CH,OH 


D(+)-Mannose 
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Cyclic Form of Monosaccharide: 
e Pyranose and Furanose Forms: 





i 2 
<7 Furanose 
Pyranose 

CH,OH 

‘ CH,OH 

O O H 
H H H 

OH H H HO 
HO OH H CH,OH 

H OH OH H 


Glucopyranose Fructofuranose 











e Anomers: Pair of stereoisomers which differ in configuration only around C,are called anomers and the C, carbon is called 


Anomeric carbon. 
e Ina- anomer-, the OH group at C, is towards right while in b-anomer, the OH group at C, is towards left. 








B-D-Glucose 


a-D-Glucose 
or B-D(+)-Glucopyranose 


or o-D(+)-Glucopyranose 








B-D-fructose a-D-fructose 











Mutarotation: 
Change in rotation of an optically active sugar in solution with time, to an equilibrium value, is called mutarotation. During 
mutarotation, the ring opens and then recloses either in the inverted position or in the original position giving a mixture of a- 
and-b-forms. 
Reactions of Glucose: 

(a) With HI/P: It undergoes reduction to form n-hexane while with sodium amalgam it forms sorbitol. 





Glucose — > CH,—(CH,),—CH, 
n-hexane 


Glucose —S2/"8_, cH,0H—(CHOH) ,—CH,OH 


Sorbitol 
(b) With H,O: It forms neutral solution 
(Q) With Hydroxylamine (NH,OH) 


Glucose we HC = NOH 


| 
(CHOH), 
| 


(CH,OH) 


Glucose oxime 
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(d) With HCN : It forms addition product cyanohydrin 


Glucose =EN CN 


| 
(CHOH); 
| 


(CH,OH) 

Glucose cyanohydrin 
(e) Oxidation. Glucose on oxidation with Br, gives gluconic acid which on further oxidation with HNO, gives glucaric acid 
(f With Tollen reagent and Fehling solution, Glucose forms silver mirror and red ppt. of Cu,O respectively. 
(g) With acetic anhydride, in presence of pyridine glucose forms pentaacetate. 


Glucose —2CHs0020 , = CHO 
| 
(CHOCOCH,), 
| 
CH,OCOCH, 
Glucose pentaacetate 
(h) With phenylhydrazine : It forms glucosazone 


CgHs5NHNH92 
a * > CH,OH 
C3H;N | 
(CHOH), 
| 
C = NHC,H, 
| 
CH = NNHC,H, 
Glucosazone 
(i) With conc. HCl acid: Glucose gives levulinic acid 


Glucose —&®S HC’ _, CH,CO. CH,CH, . COOH + HCOOH + H,O 


Levulinic acid 
(j) Glycoside formation: When a small amount of gaseous HCl is passed into a solution of D (+) glucose in methanol, a 
reaction takes place that results in the formation of anomeric methyl acetals. 


Glucose 


CH,OH 


D(+) Glucose CHOH , 
(Pyranose form) HCl 


HO 


H OH OCH, 
Methyl o-D-glucopyranoside 
+ 
Methyl B-D-glucopyranoside 


Carbohydrate acetals, generally are called glycosides and an acetal of glucose is called glucoside. 
(k) Kiliani - Fischer Synthesis: This is a method of lengthening the carbon chain of an aldose. 


CHO CN CN CHO CHO 
H—— OH -OH HO——H i H——o0oH HO—+—H 
OH H H om Hoi a H OH + H—+ oH 

CH,OH H HO——H  pajgaso, HO——H HO——H 
CH,OH CH,OH CH,OH CH,OH 
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(J) Ruff Degradation: It is opposite to Kiliani Fischer synthesis that can be used to shorten the chain by a similar unit. 


Il ? 
C—H C— OH 


O 

ll 

H—— OH H—— = 
O Br, OH H,O, C—H 

H——0H ——+—+H——0H ———>H-+—0H +o, 


H—— OH H,O H——OH Fe,(SO,), H OH 


CH,OH CH,OH CH,OH 








D()Ribose D-Ribonic acid D()-Erythrose 


e Disaccharides: 


C,,H,,0,, + H,O — $, C,H,,0,+ C,H,,0 


Ieee or Invertase 6 1276 6 12~6 
Sucrose Glucose Fructose 


C,,H,,0,, +H,O —#_, C,H,,0,+C,H,,0 


1% 22 11 6 1276 e126 
or Maltose 
Maltose Glucose Glucose 


C,,H,0,,+H,0 —-"_, CH,0,+C,H,0 


1202211 6 1276 61276 
or Lactose 


Lactose Glucose Galactose 

Sucrose: 

Non-reducing sugar. 

Formed by condensation of one molecule of glucose and one molecule of fructose. 


6 
CH,OH 





O < Glycosidic 
OH linkage 
(Glucose unit) 


CH,OH O. e B-link 





OH H 
(Fructose unit) 


Hydrolysis. (Invert Sugar or Invertose). Hydrolysis of sucrose with hot dilute acid yields D-glucose and D-fructose. 
e Polysaccharides: 
(a) Starch: 
(i) A polymer of glucose. 
(ii) Mixture of two components — a water soluble component called amylose (20%) and a water insoluble component called 
amylopectin (80%). 
(iii Both amylose and amylopectin are polymers of a-D-glucose. 
(iv) Amylose is a linear polymer of a-D-glucose. 
C,—C,—o linkage 


(-Glucose — Glucose — Glucose — Glucose —)n 
Linear polymer 
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(v) Amylopectin, is a highly branched polymer 


C,—C,—o. linkage 
Glucose — Glucose — Glucose 


| < C—C; — o linkage 


Amino Acids: 


Glucose — Glucose — Glucose 


| < C,—C,—a linkage 


Glucose — Glucose — Glucose 


Amino acids are molecules, which contain two functional groups, one is carboxylic group and another is amino group 
H,N CH, COOH : Amino acetic acid, or Glycine 
CH, CH (NH,) COOH : a - Amino propionic acid or Alanine 
H,N CH, CH,COOH : b - Amino propionic acid 
Acidic Amino Acid: These amino acids contain a second carboxyl group or a potential carboxyl group in the form of 


carboxamide. 


Basic Amino Acids: These contain a second basic group which may be an amino group 


Name 


Systematic Name 


Formula 





NOOBRWNE 


. Glycine (g) 
. Alanine (g) 


Valine (g, e) 


. Leucine (g, e) 

. isoleucine (g, e) 

. Norleucine! (J) 

. Phenylalanine (g, e) 


. Tyrosine (g) 








Neutral Amino-acids (one amino-group and one carboxyl group) 








Aminoacetic acid 
a-Aminopropionic acid 
a-Aminoisovaleric acid 
a-Aminoisocaproic acid 
o-Amino-B-methyl-n-valeric acid 
a-Amino-n-caproic acid 
a-Amino-B-phenylpropionic acid 


a-Amino-B-(p-hydroxyphenyl) 
propionic acid 


CH,(NH,).CO,H 
CH,.CH(NH,).CO,H 
(CH,),CH.CH(NH,).CO,H 
(CH,),CH.CH,-CH(NH,).CO,H 
CH,.CH,.CH(CH,).CH(NH,).CO,H 
CH,.(CH,),-CH(NH,).CO,H 
C,H,-CH,.CH(NH,).CO,H 


HO ( \ CH,.CH(NH,).CO,H 


9. Serine (g) a-Amino-B-hydroxypropionic acid HOCH,.CH(NH,).CO,H 
10. Cysteine? (g) a-Amino-B-mercaptopropionic acid HSCH,.CH(NH,).CO,H 
11. Cystine (g) Bis-(a-aminopropionic acid)-B- [—SCH,.CH(NH,).CO,H], 
disulphide 
12. Threonine (g, e) o-Amino-B-hydroxy-n-butyric acid CH,.CHOH.CH(NH,).CO,H 
13. Methionine (g, e) a-Amino-y-methythio-n-butyric acid CH,SCH,.CH,.CH(NH,).CO,H 
I 
14. Iodogorgic acid (J) 3 : 5-Di-iodotyrosine nol Nex cre co. 
I 
I I 
15. Thyroxine (J) B 3 : 5-Di-iodo-4-(3’ : 5’-di-iodo-4’ vol Yo Y CH CHUNEL) COS 
I I 
hydroxy)phenyl-c.-aminopropionic acid 
CH,.CH(NH,).CO,H 
16. Tryptophan (g, e) a-Amino-f-indolepropionic acid N 
H 
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Systematic Name 








Acidic Amino-acids (one amino-group and two carboxyl groups) 





1. Aspartic acid (g) a-Aminosuccinic acid CO,H.CH,.CH(NH,).CO,H 

2. Asparagine (1) o-Aminosuccinamic acid CONH,.CH,.CH(NH,).CO,H 

3. Glutamic acid (g) a-Aminoglutaric acid HO,C.CH,.CH,.CH(NH,).CO,H 

4. B-Hydroxyglutamic acid? a-Amino-B-hydroxyglutaric acid HO,C.CH,.CH.CHOH.CH(NH,).CO,H 
5. Glutamine (J) a-Aminoglutaramic acid CONH,.CH,.CH,.CH(NH,).CO,H 











Basic Amino-acids (two amino-groups and one carboxyl group) 








1. Ornithine’ o.-6-Diamino-n-valeric acid NH,.CH,.CH,.CH,.CH(NH,).CO,H 
2. Arginine (g, e) a-Amino-6-guanidino-n-valeric NH, 
acid | 
NH=C.NH.(CH,),.CH(NH,).CO,H 
3. Lysine (g, e) a : e-Diaminocaproic acid NH,.(CH,),-CH(NH,).CO,H 
4. Histidine (g, e) a-Amino-B-imidazolepropionic acid N CH,.CH(NH,).CO,H 


HN. 2! 











Iso Electric Point: 
The hydrogen ion concentration of the solution in which a particular amino acid does not migrate under the influence of an 
electric field is called the isoelectric point of that amino acid. 


Peptides 

A Peptides are the amides formed by interaction between amino groups and carboxyl groups of amino acids. 
R R’ R R 
l l l | 

H,N—CH—COOH + H,N—CH—COOH > H,N—CHCO—NH—CHCOOH 





Depending upon the number of amino acid residues per molecule, they are known as dipeptides, tripeptides and so on and 
finally polypeptides. 
Every two amino acids are linked by means of a—CO-NH group, which is commonly referred as peptide bond. 
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Previous Years’ CBSE Examination Questions 


Very Short Answer Type Questions (WSA) 











(1 Mark) 
1. What is meant by ‘reducing sugars’? (All India) 
Ans. Reducing sugar contains aldehydic or ketonic group in the hemiacetal and hemiketal forms and can reduce 
Tollen’s reagent or Fehling’s solution. 
2. What are monosaccharides? (All India) 
Ans. These are the simplest carbohydrates which cannot be hydrolysed to smaller molecules. Their general 
formula is (CH,O),, where n = 3-7 
Example : glucose, fructose etc. 
3. Write the structure of the product obtained when glucose is oxidised with nitric acid. (All India) 
CHO COOH 
Ans. | | 
ORN + HNO, ——> Hon) 
CH,OH COOH 
Saccharic acid 
4. Write a reaction which shows that all the carbon atoms in glucose are linked in a straight chain. (All India) 
Ans. On prolonged heating with HI, it forms n-hexane, shows that all the six carbon atoms are linked in a straight 
chain : 
CHO 
| 
(CHO), + HI —^> CH, — CH, — CH, — CH, — CH, — CH, 
| n-hexane 
CH,OH 
5. What are the expected products of hydrolysis of lactose ? (Comptt. Delhi) 
Ans. On hydrolysis, lactose gives B-D-galactose and B-D-glucose. 
6. Where does the water present in the egg go after boiling the egg? (Comptt. Delhi) 
Ans. Denaturation of proteins is a process that changes the physical and biological properties of proteins without 
affecting the chemical composition of protein. In an egg, denaturation of protein is the coagulation of albumin 
present in the white of an egg. When an egg is boiled in water, the globular proteins present in it change to a 
rubber like insoluble mass which absorbs all the water present in the egg by making hydrogen bond with it. 
7. Name a water soluble vitamin which is a powerful antioxidant. Give its one natural source. (Comptt. Delhi) 
Ans. Water soluble vitamin : Vitamin C 
Natural source : Amla 
8. What are three types of RNA molecules which perform different functions? (Delhi) 
Ans. m-RNA, t-RNA, r-RNA 
9. What is a glycosidic linkage? (Delhi) 
Ans. The two monosaccharide units are joined together through an etheral or oxide linkage formed by loss of a 
molecule of water. Such a linkage between two monosaccharide units through oxygen atom is called 
glycosidic linkage. 
10. What are the products of hydrolysis of sucrose? (All India) 
Ans. Invert sugar: An equimolar mixture of glucose and fructose is obtained by hydrolysis of sucrose in presence 
of an acid such as dil. HCl or the enzyme invertase or sucrase and is called invert sugar. 
11. Write the name of linkage joining two amino acids. (All India) 
Ans. Peptide linkage joins two amino acids. 
12. Name the deficiency diseases resulting from lack of Vitamins A and E in the diet. (Comptt. Delhi) 
Ans. Deficiency of Vitamin A causes Xerophthalmia and deficiency of Vitamin E causes Sterility. 
13. Name one water soluble vitamin which is a powerful antioxidant. Give its one natural source. 





(Comptt. Delhi) 
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Water soluble vitamin : Vitamin C 

Natural source : Amla 

Name one oil soluble vitamin which is a powerful antioxidant and give its one natural source. 
(Comptt. Delhi) 





Ans. Oil soluble Vitamine : Vitamin D 
Natural source : Fish liver oil, butter, milk, eggs etc. 
15. Name the products of hydrolysis of lactose. (Comptt. All India) 
Ans. Lactose on hydrolysis with dilute acids gives an equimolar mixture of D-glucose and D-galactose. 
CixH0}, + H,O HE CH, +  C6Hy20¢ 
Lactose D-Glucose D-Galactose 
16. Name the only vitamin which can be synthesized in our body. Name the disease caused due to the 
deficiency of this vitamin. (Comptt. All India) 
Ans. Vitamin which can be synthesized in our body : Vitamin A 
Its deficiency causes Xerophthalmia. 
17. Mention one important function of nucleic acids in our body. (Comptt. All India) 
Ans. Function of nucleic acid : Nucleic acids control the transmission of hereditary characters from one generation 
to another. 
18. Which of the two components of starch is water soluble? (Delhi) 
Ans. Amylose is water soluble component of starch. 
19. Name the products of hydrolysis of sucrose. (Delhi) 
Ans. Glucose and fructose are the products of hydrolysis of sucrose. 
20. Which component of starch is a branched polymer of o-glucose and insoluble in water? (Delhi) 
Ans. Amylopectin. 
21. What are the products of hydrolysis of sucrose? (All India) 
Ans. Glucose and fructose. 
22. What are the products of hydrolysis of maltose? (All India) 
Ans. Maltose —Y*°¥** _, 2 molecules of glucose 
23. Write the products of hydrolysis of lactose. (All India) 
Ans. Lactose on hydrolysis with dilute acids gives an equimolar mixture of D-glucose and D-galactose. 
C2H0; + H,O 89> CHO + CH1206 
Lactose B-D-Glucose B-Galactose 
24. Define a ‘Peptide linkage’. (Comptt. All India) 
Ans. Peptide linkage : It is an amide linkage formed between - COOH group of one a-amino acid and NH, group 
of the other a-amino acid by loss of a molecule of water. -CO-NH-bond is called Peptide linkage. 
25. What are enzymes? (Comptt. All India) 
Ans. Enzymes are protein molecules which act as catalyst in biochemical reaction. 


Short Answer Type Questions-I (SA-ID 


(2 Marks) 





26. 


Ans. 


Explain what is meant by (Delhi) 
(i) a peptide linkage (ii) a glycosidic linkage. 
(i) Peptide linkage : A peptide linkage is an amide linkage formed between - COOH group of one o-amino acid 
and NH, group of the other o-amino acid by loss of a molecule of water. 
ae bond 




















io H, a CO-NH+CH,-COOH 


CH, CH, 








H,N-CH-CO40H + H+NH-CH,-COOH 
| 
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(ii) Glycosidic linkage : The two monosaccharide units are joined together through an etheral or oxide 
linkage formed by loss of a molecule of water. Such a linkage between two monosaccharide units 
through oxygen atom is called glycosidic linkage. 

27. Name two water soluble vitamins, their sources and the diseases caused due to their deficiency in diet. 





Vitamins 


Sources 


Deficiency disease 





1. Vitamic B2 
(Riboflavin or Lactoflavin) 


Milk, yeast, green vegetables, 
meat, liver, kidney, egg white etc. 
Daily dosage is 2-3 mg. 


Retards growth, causes 
inflamation of tongue 
(glossitis), dermatitis and 


(Delhi) 


cheilosis (cracking or 
fissuring) at corners of 
mouth and lips. 


Scurvy (bleeding) of 
gums), pyorrhea (loose- 
ning and bleeding of 
teeth). 


Citrus fruits, green leafy 
vegetables, chillies, sprouted 
pulses and germinated grains. 
Daily dosage is 75 mg. 


2. Vitamic C 
(Ascorbic acid) 














28. Name the four bases present in DNA. Which one of these is not present in RNA? (All India) 
. The four bases present in DNA are : 
(i) Adenine (A) (ii) Guanine (G) (iii) Cytosine (C) (iv) Thymine (T) 
In RNA, Thymine (T) is absent. It has Uracil (U) in place of Thymine. 
29. Name two fat soluble vitamins, their sources and the diseases caused due to their deficiency in diet. 


(All India) 











Ans Vitamin Source Deficiency disease 
1. Vitamin A Milk, butter, eggs, fish, liver oil, Xerophthalmia(hardening of cornea), 
rice, kidney, green vegetables etc. | night blindness and xerosis (drying of 
skin). 
2. Vitamin D Fish liver oil, butter, milk, eggs,| Rickets, osteomalacia (soft bones and 
liver and meat. joint pain). 











30. Explain the following terms : 

(i) Invert sugar (ii) Polypeptides (Delhi) 

(i) Invert sugar : An equimolar mixture of glucose and fructose obtained by hydrolysis of sucrose in 
presence of an acid such as dil. HCl or the enzyme invertase or sucrase is called invert sugar. 

(ii) Polypeptides : They are formed when several molecules of o-amino acids are joined together by peptide 
bonds. 


escee gy 


O : 
ll aill s 
H,N—CH,—C—OH + H|HN—CH—COOH > H,N—CH,—C—NH—+CH—COOH 
Bae | a re + 
CH; 


CH, 
Alanine Peptide bond 











-H70 


Glycine 


31. Name the products of hydrolysis of sucrose. Why is sucrose not a reducing sugar? (Delhi, All India) 


Ans. C2H0; + H,O CHi206 + CoH y 0, 
Sucrose D-(+)-glucose D-(-)-Fructose 
Sucrose is not a reducing sugar because it is unable to reduce Tollen’s reagent or Fehling solution. 
32. What are essential and non-essential amino acids in human food? Give one example of each type.(Delhi) 
Ans. Essential amino acids : Amino acids which the body cannot synthesize are called essential amino acids. 
Example : Valine, leucine etc. Therefore they must be supplied in diet. 
Non-essential amino acids : Amino acids which the body can synthesize are called non-essential amino acids. 
Therefore, they may or may not be present in diet. 
Example : Glycine, alanine etc. 


H30+ 
—— > 
Invertase 
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33. State clearly what are known as nucleosides and nucleotides. (Delhi) 

Ans. Nucleoside : A nucleoside contains only two basic components of nucleic acids i.e. a pentose sugar and a 

nitrogenous base. During their formation 1-position of the pyrimidine or 9-position of the purine moitey is 
linked to C} of the sugar (ribose or deoxyribose) by a B-linkage. 


NH, 
4 
3H 
BASE 
5 O 6 A 
HOCH Ni ‘No 
4 
H H SUSAR : <—— N-glucosidic bond 
H 
3! 2! 
OH OH 


Nucleotides : A nucleotide contains all the three basic components of nucleic acids, i.e. a phosphoric acid 
group, a pentose sugar and a nitrogenous base. These are formed by esterification of C,’ -OH of the sugar 
of the nucleoside with phosphoric acid. 


Phosphate Base 


5 O | J 
O O-—CH, N >~ 






Il 
. 
O 





34. What is essentially the difference between o-form of glucose and B-form of glucose? Explain. (Delhi) 
Ans. In o-D-glucose, the OH group at C} is towards right while in B-D-glucose, the OH group at C} is towards left. 











H—'C~OH HO-'C-H 
H—’C-—OH H—’C-OH 
HO-"C-H =O HO-—"C-H =O 
H—"C-OH H—"C-—OH 
H- C ——— H- "C 
°CH, OH ‘CH, OH 
a-D-glucose or B-D-glucose or 
o-D-glucopyranose B-D-glucopyranose 
35. Describe what you understand by primary structure and secondary structure of proteins. (Delhi) 


Ans. Primary structure of proteins : Proteins may have one or more polypeptide chains. Each polypeptide in a 
protein has amino acids linked with each other in a specific sequence which is known as primary structure 
of protein. 

Secondary structure of proteins : The conformation which the polypeptide chains assume as a result of 
hydrogen bonding is called the secondary structure of the protein. 
Depending upon the size of the R groups, the two different secondary structures are possible which are : 
(i) &-Helix structure : Intramolecular H-bonds present between the C=O of one amino acid and N-H of 
fourth amino acid. 
(ii) B-Pleated sheet structure : The two neighbouring polypeptide chains are held together by intermolecular 
H-bonds. 
36. Explain what is meant by (i) a peptide linkage, (ii) a glycosidic linkage. (Delhi) 
Ans. Refer to Q. 26, Page 128 
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Name the bases present in RNA. Which one of these is not present in DNA? (Delhi) 

The four bases present in RNA are : 

Purines — Adenine (A) and Guanine (G) 

Pyrimidines — Uracil (U) and Cytosine (C) 

Uracil is not present in DNA. 

Explain what is meant by the following : 
(i) peptide linkage (ii) pyranose structure of glucose (All India) 
(i) Peptide linkage : A peptide linkage is an amide linkage formed between - COOH group of one o-amino acid 


and NH, group of the other o-amino acid by loss of a molecule of water. 
ah bond 





Hmo”? H, a CO-NH-CH,-COOH 


CH, CH, 
(ii) Pyranose structure of glucose : The six membered ring containing 5 carbon atoms and one oxygen atom 
because of its resemblance with pyron is called the pyranose form. 


H,N-CH-CO-OH + H-NH-CH,-COOH 
I 























H—'CŽOH H-0 HO_'C-H 
H—’C—OH H—°C-OH H~¢_OH 
HO ¢-H O Hos tH HO¢-H © 
H—*C—OH _. H-‘¢-on / ——  y_‘¢_on 
He `T HeD n a yd 
°CH, OH ÍCH, OH ‘CH, OH 
a-D (+) — Glucopyranose D-(+)-Glucose B-D-(+)-Glucopyranose 
Write the main structural difference between DNA and RNA. Of the four bases, name those which are 
common to both DNA and RNA. (All India) 
Structural differences between 
DNA RNA 
1. The sugar present in DNA is 1. The sugar present in RNA is D-(-) 
2-deoxy-(—) ribose. ribose. 
2. DNA contains cytosine and thymine as 2. RNA contains cytosine and uracil as 
pyrimidine bases. pyrimidine bases. 
3. DNA has double standard o-helix 3. RNA has single stranded o-helix 
structure. structure. 
4. DNA molecules are very large. Their 4. RNA molecules are much smaller 
molecular mass may vary from with molecular mass ranging from 
6 x 106 — 16 x 10° u i.e., from six to 20,000 to 40,000 u. 
sixteen million. 











The bases which are common to both DNA and RNA are : 
(i) Adenine (A) (ii) Guanine (G) (iii) Cytosine (C) 
Write such reactions and facts about glucose which cannot be explained by its open chain structure. 
(All India) 
Limitations of the open chain structure of glucose : 
(i) Glucose does not form NaHSO, addition product. Despite having aldehyde-ammonia group, it does not 
respond to 2,4-DNP test and does not respond to Schiff’s reagent test. 
(ii) Glucose penta acetate does not react with NH,OH due to absence of aldehydic group. 


Write any two reactions of glucose which cannot be explained by the open chain structure of glucose 

molecule. (Delhi) 
(i) Despite having the aldehyde group, glucose does not give 2, 4-DNP test or Schiff’s test. 

(ii) It does not form the hydrogen sulphite addition product with NaHSO,. 

(iii) The pentaacetate of glucose does not react with hydroxylamine indicating the absence of free - CHO 


group. 
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42. Write the main structural difference between 
DNA and RNA. Of the two bases, thymine and 
uracil, which one is present in DNA? (Delhi) 
(i) Difference between DNA and RNA : 
Refer to Q. 39, Page 131 
(ii) Thymine is present in DNA. 
43. Write down the structures and names of the 
products formed when D-glucose is treated with 
(i) Hydroxylamine (ii) Acetic anhydride. 
(Comptt. All India) 


Ans. 


Ans. (i) D-glucose reacts with hydroxylamine to 
form oxime. 
CHO 
l 
CHORD: + NH,OH ———> meas 
CH,OH (CH,OH), 
| 
Glucose CH,OH 
Oxime 


(ii) D-glucose reacts with acetic anhydride to 
give penta-acetate. 


CHO CHO 


i ] 
(CHOW), + (CH,CO),0 ———> a ae 


CH,OH CH,-O2 C_CH, 
Glucose Ul 
Penta-acetate 

44. (a) Name the only vitamin which can be 
synthesized in our body. Name one disease 
that is caused due to the deficiency of this 
vitamin. 

(b) State two functions of carbohydrates. 

(Comptt. All India) 

(a) Vitamin that can be synthesized :Vitamin B,, 
Disease due to the deficiency of Vitamin B,, 
: Pernicious anaemia. 

(b) Two functions of glucose : 

(i) Carbohydrates such as glucose, starch, 
glycogen etc. provide energy for 
functioning of living organisms. 

(ii) Carbohydrates, especially cellulose in the 
form of wood is used for making 
furniture, houses etc. by us. 

45. Write down the structures and names of the 
products formed when D-glucose is treated with 

(i) Bromine water 

(ii) Hydrogen Iodide (Prolonged heating). 

(Comptt. All India) 


Ans. 


eas a COOH 
Ans. () (CHOR), sues (CHOH), 

CH,OH CH,OH 

D-Glucose Gluconic acid 


Q 
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CHO 

si HLA 

(ii) (rom; —— > CH,-(CH,),—CH, 
CH,OH (n-Hexane) 
D-Glucose 





46. Answer the following questions: 
(i) Why are vitamin A and vitamin C essential 
for us? 
(ii) What is the difference between a nucleoside 
and a nucleotide? (Comptt. Delhi) 
(i) Because deficiency of vitamin A and vitamin 
C causes night blindness and scurvy 
respectively. 
(ii) Refer to Q. 33, Page 130 
47. Enumerate the reactions of glucose which cannot 
be explained by its open chain structures. 
(Comptt. Delhi) 
Ans. Limitations of the open chain structure of 
glucose : 

(i) Glucose does not form NaHSO, addition 
product. Despite having aldehyde-ammonia 
group, it does not give 2,4-DNP test and does 
not respond to Schiff’s reagent test. 


Ans. 


(ii) Glucose penta acetate does not react with 
NH,OH due to absence of aldehydic group. 





48. Write the ambident nucleophiles? Give an 
example. (Comptt. Delhi) 
Ans. A group containing two nucleophilic centres. 
Example : -CN (Cyanide) and “NC (Isocynide). 


Short Answer Type Questions-Il (SA-I1) 
(3 Marks) 





49. Amino acids may be acidic, alkaline or neutral. 
How does this happen? What are essential and 
non-essential amino acids? Name one of each type. 
(All India) 
Amino acids can be broadly classified into three 
classes i.e. acidic, alkaline and neutral amino acids 
depending on the number of —NH, group and — 
COOH group. 
Acidic amino acids : Those o-amino acids such as 
aspartic acid, asparagine and glutamic acid which 
contain two -COOH groups and one -NH, group 
are called acidic amino acids. 


Ans. 


Alkaline or Basic amino acids : Those o-amino 
acids such as lysine, arginine and histidine which 
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contain two - NH, groups and one -COOH group, are called basic amino acids. 
Neutral amino acids : Those a-amino acids such as glycine, alanine, valine etc. which contain one -NH, and 
one — COOH group, are called neutral amino acids. 
Essential and non-essential amino acids : Refer to Q. 32, Page 129 
50. Differentiate between fibrous proteins and globular proteins. What is meant by the denaturation of a 














protein? (All India) 
Ans. Globular Proteins Fibrous Proteins 

1. Globular proteins have almost spheroidal 1. Polypeptide chains of fibrous proteins 
shape due to folding of the polypeptide consist of thread like molecules which 
chain. tend to lie side by side to form fibres. 

2. Globular proteins are soluble in water. 2. Fibrous proteins are insoluble in water. 

3. Globular proteins are sensitive to small 3. Fibrous proteins are stable to moderate 
changes of temperature and pH. Therefore changes of temperature and pH. 


they undergo denaturation on heating or 
on treatment with acids /bases. 
4. They possess biological activity that’s why 4. They do not have any biological activity 








they act as enzymes. but serve as chief structural material of 

animal tissues. 
Example : Maltase, invertase etc., hormones Example : Keratin in skin, hair, nails and wool] 
(insulin) antibodies, transport agents collagen in tendons, fibroin in silk etc. 


(haemoglobin), etc. 











Denaturation of protein : Due to coagulation of globular protein under the influence of change in 
temperature, change in pH etc., the native shape of the protein is destroyed and biological activity is lost 
and the formed protein is called denaturated proteins and the phenomenon is denaturation. 





51. What is essentially the difference between o-glucose and B-glucose? What is meant by pyranose structure 

of glucose? (All India) 

Ans. The two cyclic hemiacetal forms of glucose differ only in the configuration of the hydroxyl group on the first 
carbon atom called anomeric carbon. Such isomers i.e. o-form and B-form are called anomers. o-glucose is the 
monomer unit of starch and B-glucose is the monomer unit of cellulose. The six membered cyclic structure 
of glucose is called pyranose structure. 
Pyranose structure of glucose : Refer to Q. 38 (ii), Page 131 
Also study the following : 








CH,OH CH,OH 
m O0 ~~O 
H H OH 
H i H 
OH H OH H 
HO OH HO H 
H OH H OH 
a-glucose B-glucose 
52. Define the following as related to proteins : 
(i) Peptide linkage (ii) Primary structure (iii) Denaturation (All India) 


Ans. (i) Peptide linkage: A peptide linkage is an amide linkage formed between - COOH group of one o-amino 
acid and NH, group of the other o-amino acid by loss of a molecule of water. The-CO-NH-bond formed 
is called petide linkage. 

Peptide bond 








H N-CH-CO-+0H + H4NH-CH,-COOH —,;>— H,-CH4CO-NH-CH,-COOH 
| ? | 
CH, CH, 
(ii) Primary structure : Proteins may have one or more polypeptide chains. Each polypeptide in a protein 
has amino acids linked with each other in a specific sequence and it is this sequence of amino acids that 
is called the primary structure of that protein. 
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53. What are the different types of RNA found in 
cells of organisms ? State the functions of each 


type. 
Ans. Different types of RNA found in the cell are : 


54. 


Ans. 


(iii) Denaturation 


Shiv Das Chapterwise Question Bank (Chemistry XII) 


Due to coagulation of 
globular protein under the influence of 
change in temperature, change in pH etc., the 
native shape of the protein is destroyed and 
biological activity is lost and the formed 
protein is called denaturated proteins and 
the phenomenon is denaturation. 


(Comptt. Delhi) 


1. Messenger RNA (mRNA) : carries the message 
of DNA for specific protein synthesis. 

2. Ribosomal RNA (rRNA) : provides the site for 
protein synthesis. 

3. Transfer RNA (t-RNA) : transfers amino acids 
to the site of protein synthesis. 

(a) What are essential and non-essential amino 
acids? Give two examples of each type. 

(b) What are the hydrolysis products of 
sucrose? (Comptt. Delhi) 

(a) Non-essential amino acids : The amino acids 

which can be synthesised in the body, are 

known as non-essential amino acids. 

Example : Glycine, Alanine etc. 

Essential amino acids : The amino acids 

which cannot be synthesised in the body and 

must be obtained through diet are known as 

essential amino acids. 

Example : Valine, Leucine etc. 

Sucrose on hydrolysis gives equimolar 

mixture of D(+)-glucose and D(-) fructose 
C12H3201; + H2O > CoH y,06 + CoH y20¢ 


glucose 


(b 


= 


fructose 





55. 


Ans. 


56. 


Ans. 


Q 


(a) Write the structural and functional 
differences between DNA and RNA 

(b) Name two components of starch. 

(Comptt. Delhi) 

(a) Structural difference : Refer to Q. 39, Page 131 
Functional difference : DNA’s main function 
is to control cell activities like telling each 
organ what to make and what to do. 
RNA’s main function is to make protein. 

(b) Components of starch Amylose and 
amylopectin. 

(a) Give two differences between globular and 
fibrous proteins. 

(b) What change occurs in the nature of egg 
protein on boiling? (Comptt. Delhi) 

(a) Refer to Q. 50, Page 133 

(b) Because the egg comes in contact with a 
solution of higher osmotic pressure, the egg 
will shrink due to going out of water. This 
shrinking of egg is called plasmolysis. 
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57. 


Ans. 


58. 


Ans. 


(a) How are hormones and vitamins different 
in respect of their source and functions? 
(b) Give one example each of 
(i) Globular protein (ii) Fibrous protein 
(Comptt. All India) 
(a) Hormones are synthesized in our body and 
help in regulation of our body systems while 
vitamins are synthesized artificially in the 
laboratory or obtained from the food which 
helps in controlling many diseases. 
(i) Globular protein : All enzymes and 
hormones like insulin. 
(ii) Fibrous protein : Keratin in skin, nails 
etc. 
(a) What are essential and non-essential amino 
acids? Give two examples of each. 
(b) How are nucleosides different from 
nucleotides? (Comptt. All India) 
(a) Refer to Q. 54 (a), Page 134 
(b) Refer to Q. 33, Page 130 


(b) 





59. 


Ans. 


60. 


Ans. 


61. 


Ans. 


(i) Deficiency of which vitamin causes night- 
blindness? 

(ii) Name the base that is found in nucleotide 

of RNA only. 

(iii) Glucose on reaction with HI gives n- 
hexane. What does it suggest about the 
structure of glucose? (Delhi) 

(i) Vitamin A causes night blindness. 

(ii) Uracil is found in nucleotide of RNA only. 

(iii) It suggests the open structure of glucose. 

(i) Deficiency of which vitamin causes rickets? 

(ii) Give an example for each of fibrous protein 

and globular protein. 

(iii) Write the product formed on reaction of 

D-glucose with Br, water. (Delhi) 
(i) Deficiency of Vitamin D causes rickets. 
(ii) Fibrous protein — a-keratin 
Globular protein — Insulin 
(iii) aad COOH 


Br, +H,O 


(CHOR), +10] 2; 


CH,O, 


Glucose 


( CHOH), 
CH,OH 


Gluconic acid 
(i) Deficiency of which vitamin causes scurvy? 
(ii) What type of linkage is responsible for the 
formation of proteins? 
(iii) Write the product formed when glucose is 
treated with HI. (Delhi) 
(i) Vitamin C causes scurvy. 
(ii) Peptide linkages are responsible for the 
formation of proteins. 
(iii) Glucose is treated with HI: 
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CHO 

l 

(CHOH), =" CH, CH, CH, CH, CH, CH, + CH,—CH-CH,—CH,—CH,—CH, 
| n-Hexane | 

CH,OH I 

Glucose 2-Iodo-hexane 


Define the following terms as related to proteins : 
(i) Peptide linkage (ii) Primary structure (iii) Denaturation (All India) 








Ans. Refer to Q. 52, Page 133 
63. Define the following terms : 
(i) Glycosidic linkage (ii) Invert sugar (iii) Oligosaccharides (All India) 
Ans. (i) Glycosidic linkage : The two monosaccharide units are joined together through an etheral or oxide 
linkage formed by loss of a molecule of water. Such a linkage between two monosaccharide units 
through oxygen atom is called glycosidic linkage 
(ii) Invert sugar : An equimolar mixture of glucose and fructose obtained by hydrolysis of sucrose in 
presence of an acid such as dil. HCl or the enzyme invertase or sucrase is called invert sugar. 
(iii) Oligosaccharides : Those carbohydrates which on hydrolysis give 2-10 molecules of monosaccharides 
are called oligosaccharides. 
Example : sucrose, maltose. 
64. Define the following terms : 
(i) Nucleotide (ii) Anomers (iii) Essential amino acids (All India) 
Ans. (i) Nucleotide : A nucleotide contains all the three basic components of nucleic acids, i.e. a phosphoric acid 
group, a pentose sugar and a nitrogenous base. These are formed by esterification of C -OH of the 
sugar of the nucleoside with phosphoric acid. 
Structure of Nucleotide: 
NH, Base 
Phosphate 
? 
O=P=O=CH, 
Q 
(ii) Anomers : A pair of stereoisomers which differ in configuration only around C, are called anomers. Two 
isomers are said to be anomers if the isomerisation in the molecule is at first carbon. 
(iii) Essential amino acids: Refer to Q. 65, Page 135 
65. What are essential and non-essential amino acids? Give two examples of each. (Comptt. All India) 
Ans. Essential amino acids : Amino acids which the body cannot synthesize are called essential amino acids. 
Example : Valine, leucine etc. Therefore they must be supplied in diet. 
Non-essential amino acids : Amino acids which the body can synthesize are called non-essential amino 
acids. Therefore, they may or may not be present in diet. 
Example : Glycine, alanine etc. 
66. (i) Which one of the following is a disaccharide : Starch, Maltose, Fructose, Glucose? 
(ii) What is the difference between fibrous protein and globular protein? 
(iii) Write the name of vitamin whose deficiency causes bones deformities in children. (Delhi) 
Ans. (i) Maltose is a disaccharide. (ii) Refer to Q. 50, Page 133 (iii) Vitamin D 
67. (i) Which one of the following is a polysaccharide : 
Starch, Maltose, Fructose, Glucose? 
(ii) What one difference between a-helix and B-pleated sheet structure of protein. 
(iii) Write the name of the disease caused by the deficiency of Vitamin B,,. (All India) 
Ans. (i) Starch is a polysaccharide. 





(ii) &-Helix structure : The polypeptide chains are held together (stabilized) by intramolecular H-bonding. 
B-Pleated sheet structure : The two neighbouring polypeptide chains are held together by intermolecular 
a 8 8 Polypep 8 y 

-bonding. 
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(iii) Disease caused by the deficiency of Vitamin 
B,, is Pernicious anaemia. 
68. How are vitamins classified? Name the vitamin 
responsible for the coagulation of blood. 
(Comptt. Delhi) 
Ans. Vitamins are classified into two types : 
(i) Water insoluble vitamins : These are fat 
soluble substances E.g. Vitamin A, D, Eand K. 
(ii) Water soluble vitamins : These include 
Vitamin B-Complex and Vitamin C (except 
B,,). 
Vitamin K or phylloquinone is responsible for the 
coagulation of blood. 
69. Define the following as related to proteins : 
(i) Peptide linkage (ii) Primary structure 
(iii) Denaturation (Comptt. All India) 
Ans. Refer to Q. 52, Page 133 





70. (i) Write the name of two monosaccharides 
obtained on hydrolysis of lactose sugar. 

(ii) Why Vitamin C cannot be stored in our 
body? 

(iii) What is the difference between a nucleoside 
and nucleotide? (Delhi) 

(i) On hydrolysis, lactose gives B-D-galactose 
and B-D-glucose. 

(ii) Vitamin C is mainly ascorbic acid which is 
water soluble and is readily excreted through 
urine and thus cannot be stored in the body. 

(iii) Nucleoside. A nucleoside contains only two 
basic components of nucleic acids, i.e., a 
pentose sugar and a nitrogenous base. It is 
formed by the attachment of a base to 1’ 
position of sugar. 


Ans. 


Nucleoside T Sugar + Base 





Structure of nucleoside 
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Nucleotides. A nucleotide contains all the 
three basic components of nucleic acids, i.e., a 
phosphoric acid group, a pentose sugar and 
nitrogenous base. These are formed by the 
esterification of C,—OH of the sugar of the 
nucleoside with phosphoric acid. 


Nucleotide = Sugar + Base 
+ Phosphoric acid 





Structure of nucleotide 


71. (i) Write the structural difference between 
starch and cellulose. 

(ii) What type of linkage is present in Nucleic 
acids? 

(iii) Give one example each for fibrous protein 
and globular protein. (All India) 

(i) Starch contains the a-D-glucose as its 
monomer units while cellulose contains B-D- 
glucose as its monomer units. 

(ii) Phosphodiester linkages are present in 
Nucleic Acids 

(iii) Globular protein : All 
hormones like insulin. 
Fibrous protein : Keratin in skin. 

72. Define the following as related to proteins : 

(i) Peptide linkage (ii) Primary structure 
(iii) Denaturation (Comptt. Delhi) 
(i) Peptide linkage : Two amino acids of same 
type or different types combine together by 
the elimination of H,O molecule to form - 
CONH- linkage. 

(ii) Primary structure : It refers to the sequence 
in which amino acids are joined. 

(iii) Denaturation : When a native protein is 
subjected to change in temperature or pH, 
hydrogen bonds get disturbed and globules 
get uncoiled and proteins lose their 
biological activity. 


Ans. 


enzymes and 


WW.JEEBOOKS.IN 





Time Allowed: 90 minutes Maximum Marks: 35 








GENERAL INSTRUCTIONS: 
(i) Question paper comprises three Sections — A, B and C. There are 35 questions in the question paper. All questions 
are compulsory. 
(ii) Section A - Questions no. 1 to 6 are Multiple Choice Questions (MCQs). 
(iii) Section B - Questions no. 7 to 11 are Assertion-Reason Type Questions. 
(iii) Section C - Questions no. 12 to 35 are Case Study Based MCQs. 
(iv) The Answer sheet is inside this Test Booklet. When you are directed to open the Test Booklet, take out the 


Answer Sheet and fill in the particulars on SIDE-2 carefully with Blue/Black ball point pen only. In no case 
pencil is to be used. Read “General Instructions for Candidates” on SIDE-1 carefully. 


(v) The candidate should ensure that the Answer Sheet is not folded. Do not make any stray marks on the Answer 


Sheet. Do not write your Roll Number anywhere else except in the specified space in the Test Booklet/Answer 
Sheet. 








SECTION-A (Multiple Choice Questions) 


1. The set with correct order of acidity is 





(a) HCIO < HClO, < HClO; < HClO, (b) HClO, < HCIO, < HCIO, < HClO 
(c) HCIO < HClO, < HClO; < HCIO, (d) HCIO, < HCIO, < HCIO; < HCIO 
2. Identify Z in the series: 
CH, pe CH, HBr x eet KOH sY ieee Z 


(a) CH5 (b) C2H50H (c) CHI, (d) CH3CHO 


3. a-D (+) glucose and B-D (+) - glucose are: 
(a) Enantiomers 
(b) Geometrical isomers 
(c) Anomers 
(d) Epimers 
4. In the manufacture of sulphuric acid by contact process Tyndall box is used to 
(a) convert SO, and SO, 
(b) test the presence of dust particles 
(c) filter dust particles 
(d) remove impurities 


5. H,S is more acidic than H,O because 
(a) oxygen is more electronegative than sulphur. 
(b) atomic number of sulphur is higher than oxygen. 
(c) H—S bond dissociation energy is less as compared to H—O bond. 
(d) H—O bond dissociation energy is less also compared to H—S bond. 


OMR Based Sample Question Paper = OMR-1 
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6. 


When chlorine reacts with cold and dilute solution of sodium hydroxide, it forms 
(a) CI and ClO™ (b) Cl and ClO; (c) Cl and CIO3 (d) Cl and CIO}; 


SECTION-B (Assertion-Reason Type Questions) 


DIRECTION: Read the two statements Assertion (A) and Reason (R) carefully to mark the correct option out of 
the options given below: 

(a) Assertion and Reason both are correct statements and Reason is correct explanation for Assertion. 

(b) Assertion and Reason both are correct statements but Reason is not correct explanation for Assertion. 

(c) Assertion is correct statement but Reason is wrong statement. 


(d) Assertion is wrong statement but Reason is correct statement. 


7. Assertion: The total number of atoms present in a simple cubic unit cell is one. 


10. 


11. 


Reason: Simple cubic unit cell has atoms at its corners, each of which is shared between eight adjacent unit 
cells. 


. Assertion: HCIO, is a stronger acid than HCIO}. 


Reason: Oxidation state of Cl in HCIO; is +7 and in HCIO3, it is +5. 


. Assertion: tert-Butyl alcohol undergoes acid catalysed dehydration readily than propanol. 


Reason: 3° Alcohols do not give Victor-Meyer’s test. 
Assertion: Noble gases have highest energies in their respective periods. 
Reason: Noble gases have a stable closed shell electronic configuration. 


Assertion: The boiling point of an azeotropic mixture of water and ethanol is less than that of water and 
ethanol. 


Reason: Azeotropic mixture of water and ethanol show positive deviation from Raoult’s law. 


SECTION-C (Case Study Based MCQs) 


+ Read the given para and answer the following MCQs by choosing the most appropriate options (Questions 


12. 


13. 


14. 


15. 


No. 12 to 15): 

In ideally ionic structures, the coordination numbers of the ions are determined by electrostatic considerations. 
Cations surround themselves with as many anions as possible and vice versa. This maximizes the attractions 
between neighbouring ions of opposite charge and hence maximizes the lattice energy of the crystal. This 
requirement led to the formulation of the radius ratio rule for ionic structures in which the ions and the 
structure adopted for a particular compound depend on the relative sizes of the ions. Thus, for the stable 
ionic crystalline structures, there is definite radius ratio limit for a cation to fit perfectly in the lattice of 
anions called radius ratio rule. This depends upon the ratio of radii of two types of ions, r,/r_. 

This ratio for coordination numbers 3, 4, 6 and 8 respectively 0.155-0.225, 0.225-0.414, 0.414-0.732 and 0.732- 
1.000. The coordination number of ionic solids also depends upon temperature and pressure. On applying 
high pressure, coordination number increases. On the other hand, on applying high temperature, it decreases. 


The ionic radii K*, Rb* and Br“ are 137, 148 and 195 pm. The coordination number of cation in RbBr and 
KBr structures are respectively. 


(a) 8, 6 (b) 6,4 (c) 6,8 (d) 4,6 

For a coordination number 4, the maximum limiting radius ratio is 

(a) 0.414 (b) 0.732 (c) 0.225 (d) 0.155 

If the radius of Na* ion is 95 pm and that of CI- ion is 181 pm, the coordination number of Na* ion is 
(a) 6 (b) 4 (c) 8 (d) 12 


Which is not the correct statement for ionic solids in which positive and negative ions are held by strong 

electrostatic attractive forces? 

(a) The radius ratio r,/r_ increases as coordination number increases. 

(b) As the difference in size of ions increases, coordination number increases. 

(c) When coordination number is eight, r,/r_ ratio lies between 0.225 to 0.414. 

(d) In ionic solid of the type AX(ZnS, wurtzite), the coordination number of Zn?* and S?- respectively are 
4 and 4. 
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+ Read the given para and answer the following MCQs by choosing the most appropriate options (Questions 


16. 


17. 


18. 


19. 


No. 16 to 19): 

All the elements of group 16 have ns*np* configuration in their outermost shell. Therefore, the atoms of 
these elements try to gain or share two electrons to achieve noble gas configuration. Sulphur and other 
elements of group 16 are less electronegative than oxygen, so they cannot accept electrons easily. By sharing 
of two electrons with other elements, these element acquire ns?°np? configuration and exhibit +2 oxidation 
state. Except oxygen, group 16 elements have vacant d-orbitals in their valence shell to which electrons can 
be promoted from p- and s-orbitals of the same shell. As a result, they can show +4 and +6 oxidation states 
also. 


Oxygen shows +2 oxidation state in 
(a) OF, (b) H,O (0) C10 (d) H,O, 


Like sulphur, oxygen is not able to show +4 and +6 oxidation states because 
(a) oxygen is a gas while sulphur is a solid. 

(b) sulphur has high ionisation enthalpy as compared to oxygen. 

(c) oxygen has no d-orbitals in its valence shell. 

(d) oxygen has high electron affinity as compared to sulphur. 


Compounds of sulphur with +4 oxidation state acts as a/an 
(a) oxidising agent. (b) reducing agent. 
(c) both oxidising as well as reducing agent. (d) Cannot be predicted. 


The Oxidation State of sulphur in Sg, SO3 and H,S are respectively 
(a) O, +6 and -2 (b) +6, 0 and -2 (c) -2, 0 and +6 (d) +2, +6 and -2 


+ Read the given para and answer the following MCQs by choosing the most appropriate options 


20. 


21. 


22. 


23. 


(Questions No. 20 to 23): 

The Properties of the solutions which depend only on the number of solute Particles but not on the nature 
of the solute are called colligative properties. Relative lowering in vapour pressure is also an example of 
colligative properties. For an experiment, sugar solution is prepared for which lowering in vapour pressure 
was found to be 0.061 mm of Hg. (Vapour pressure of water at 20°C is 17.5 mm of Hg). 


Relative lowering of vapour pressure for the given solution is 

(a) 0.00348 (b) 0.061 (c) 0.122 (d) 1.75 
The vapour pressure (mm of Hg) of Solution will be 

(a) 17.5 (b) 0.61 (c) 17.439 (d) 0.00348 
Mole fraction of sugar in the solution is 

(a) 0.00348 (b) 0.9965 (c) 0.061 (d) 1.75 

If weight of sugar taken is 5 g in 108 g of water then molar mass of sugar will be 

(a) 358 (b) 120 (c) 240 (d) 400 


+ Read the given para and answer the following MCQs by choosing the most appropriate options 


24. 


(Questions No. 24 to 27): 

When a protein in its native form, is subjected to physical changes like change in temperature or chemical 
changes like change in pH, the hydrogen bonds are disturbed. Due to this, globules unfold and helix get 
uncoiled and protein loses its biological activity. This is called denaturation of protein. The denaturation 
causes changed in secondary and tertiary structures but primary structures remains intact. Examples of 
denaturation of protein are coagulation of egg white on boiling, curdling of milk, formation of cheese when 
an acid is added to milk. 


Mark the wrong statement about denaturation of proteins. 
(a) The primary structure of the protein does not change. 
(b) Globular proteins are converted into fibrous proteins. 
(c) Fibrous proteins are converted into globular proteins. 
(d) The biological activity of the protein is destroyed. 
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25. 


26. 


27. 


28. 


29. 


30. 


31. 


+ 


32. 


33. 


34. 


35. 


Which structure(s) of proteins remain(s) intact during denaturation process? 
(a) Both secondary and tertiary structure (b) Primary structure only 
(c) Secondary structure only (d) Tertiary structure only 
a-helix and -pleated structures of proteins are classified as 
(a) primary structure (b) secondary structure 
(c) tertiary structure (d) quaternary structure 


Secondary structured of protein refers to 

(a) mainly denatured proteins and structure of prosthetic groups. 

(b) three-dimensional structure, especially the bond between amino acid residues that are distant from 
each other in the polypeptide chain. 

(c) linear sequence of amino acid residues in the polypeptide chain. 

(d) regular folding patterns of continuous portions of the polypeptide chain. 


Read the given para and answer the following MCQs by choosing the most appropriate options 
(Questions No. 28 to 31): 

Nucleophilic substitution reactions are of two types; substitution nucleophilic bimolecular (Sy1) depending 
on molecules taking part in determining the rate of reaction. Reactivity of alkyl halide towards Sy1 and Sy2 
reactions depends on various factors such as steric hindrance, stability of intermediate or transition state 
and polarity of solvent. Sp2 reaction mechanism is favoured mostly by primary alkyl halide followed by 
secondary and tertiary. This order is reversed in case of Sy1 reactions. 


Which of the following is most reactive towards nucleophilic substitution reactions? 

(a) CgHsCl (b) CH, = CHCl (c) CICH,CH = CH, (d) CHCH = CHCl 
Isopropyl chloride undergoes hydrolysis by 

(a) S1 mechanism (b) S\y2 mechanism 

(c) Syl and Sy2 mechanism (d) neither Sy1 nor S2 mechanism 

Tertiary alkyl halides are practically inert to substitution by S\y2 mechanism because of 

(a) insolubility (b) instability (c) inductive effect (d) steric hindrance 
Which of the following is the correct order of decreasing Sy2 reactivity? 

(a) RCH,X > R,CHX > R3CX (b) RCX > R CHX > RCH,X 

(c) R,;CHX > R,CX > RCH,X (d) RCH,X > RCX > RCHX 


Read the given para and answer the following MCQs by choosing the most appropriate options (Questions 
No. 32 to 35): 

An organic compound (A) having molecular formula C6H6O gives a characteristic colour with aqueous FeCl, 
solution. (A) on treatment with CO, and NaOH at 400 K under pressure gives (B), which on acidification 
gives a compound (C). The compound (C) reacts with acetyl chloride to give (D) which is a popular pain 
killer. 


Compound (A) is 
(a) 2-hexanol (b) dimethyl ether (c) phenol (d) 2-methyl pentanol 
Compound (C) is 
(a) salicylic acid (b) salicyladehyde (c) benzoic acid (d) benzaldehyde 
The conversion of compound (A) to (C) is known as 
(a) Reimer-Tiemann reaction (b) Kolbe’s reaction 
(c) Smarts reaction (d) Girgnard reaction 
Compound (A) on heating with compound (C) in presence of POCI, gives a compound (D) which is used 
(a) in perfumery as a flavouring agent (b) as an antipyretic 
(c) as an analgesic (d) as an intestinal antiseptic 
&---------- < 
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HINTS TO ASSERTION-REASON QUESTIONS 


7. (a) Assertion and reason both are correct statements and reason is correct explanation for 
assertion. 
In simple cubic unit cell, only corners are occupied by atoms. Thus, total number of atoms present in the 
unit cell will be one. 

9. (b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 
Alcohols which form the more stable carbocation undergo dehydration more readily. Since tert-butyl 
alcohol form more stable tert-butyl cation therefore, it undergoes dehydration more readily than propanol. 

12. (a) 8,6 











r(Rb*) _ 148 _ 

r(Br=) 195 = 0.76 (C.N. 8 above 0.732) 

HE’) _ 187 _ oz b 414-0.732 

Br) 195 = 0.702 (C.N. 6 between 0.414-0.732) 
14. (a) 6 

Te r(Nat) 95 7 

i ery tek Na 


The radius ratio lies between 0.414-0.732. Hence, Na* ions prefer to occupy octahedral holes having 
coordination number 6. 


15. (c) When coordination number is eight, r,/r_ ratio lies between 0.225 to 0.414. 

When coordination number is 8, r4/r_ ratio lies between 0.732 — 1. 
16. (a) OF, 

AS fluorine is more electronegative than oxygen, so, oxygen exhibits +2 oxidation state in OF). 
18. (c) both oxidising as well as reducing agent. 


In SO, Sulphur having +4 oxidation state, so it can lose its two more electrons to attain +6 oxidation 
state. It can gain electrons to attain its lowest oxidation state of -2. Therefore, it can balance as both 
reducing and oxidising agent. 


20. (a) 0.00348 
Vapour pressure of water (p9) = 17.5 mm of Hg 


Lowering of vapour pressure (ps - pa) = 0.061 


0 
-pa _ 0.061 
Relative lowering of vapour pressure= PaPa PA aoe 
po 175 


21. (c) 17.439 
Vapour pressure of solution = Vapour pressure of solvent - Lowering of vapour pressure 
= 17.5 - 0.061 = 17.439 mm of Hg 


= 0.00348 


22. (a) 0.00348 


0 S 
PaPa = yp = 0.00348 


Pa 
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23. (c) 240 
0 —_ 
M; = PA -Pa 


Pa 
Mz = 58, M4 = 188, wa = 108g 





_ 5x18 
~ 108 x 0.00348 — 


28. (c) CICH,CH = CH, 
Allylic chlorides are most reactive. 
29. (c) Sxl and 5,2 mechanism 
2°- alkyl halides undergo hydrolysis by Sy1 or Sy2 mechanism 
30. (d) steric hindrance 
Steric hindrance due to bulky alkyl groups prevents the attack of the ncleophile in Sy2 mechanism. 
31. (b) RCH,X > R,CHX > RCX 
Larger the number of alkyl groups at a-carbon atoms, more is the steric hindrance and hence lesser the reactivity 
towards Sy2 mechanism. 
32. (c) phenol 


<. Mg 240 


OH OH 
COOH _ hr 
(i) NaOH 
(ii) CO, 
Phenol Sodium salicylate 
(A) 
OCOCH; OH 
COOH 
COOH CH;COCI G 
H+ 
Aspirin Salicylic acid 
(2- Acetoxybenzoic acid) (©) 


34. (b) Kolbe’s reaction 
Sodium phenoxide when heated with CO, at 400 K under a pressure of 4-7 atm followed by acidification gives 
2-hydroxybenzoic acid (salicylic acid) as the main product along with a small amount of 4-hydroxybenzoic 
acid. This reaction is called Kolbe’s reaction. 
35. (d) as an intestinal antiseptic 
OH OH 


COOH 
OO 


a © | 
Phenol Salicylic acid OH 


COOC,H; 


(D) 
Phenyl salicylate 
(salol) 


Salol is used as an intestinal antiseptic. 
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